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Department of the Army

New England Division

Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts (02154

Subject: Contract No. DACW33-71-C-0105
Inspection and Condition Report
Bourne Highway Bridge
Cape Cod Canal - Massachusetts

Gentlemen:

We are pleased to present herewith our report of the
field inspection and our conclusions concerning the con-
dition of the Bourne Highway Bridge crossing the Cape Cod
Canal. This bridge consists of a three span continuous
steel structure over the canal, flanked by deck type steel
trusses with concrete abutments and piers. The bridge
carries four lanes of traffic and a single sidewalk.

The general condition of the bridge is good to excellent.
Such deterioration as has been noted is in localized areas
but is not of a nature that reduces the structural adequacy
of the bridge. The corrosion is most severe in certain
areas, particularly beneath the expansion joints, where run-
off from the roadway containing deicing chemicals has flowed
across the structural portions. The expansion joints should
be repaired, preferably by replacement with a more modern
and efficient type, to prevent further deterioration of this
nature, Some of the secondary parts of the structure, such
as lacing on certain members, has also deteriorated and
should be repaired. A relatively small number of rivets show
corrosion severe enough to require replacement. A.careful
inspection, 1nclud1ng X-rays, of the supporting cableg-indi-__ qj g
cates no corrosion. However, a possibility of internal C“' ?
deterioration of the cables or deterioration within the end
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' anchorages cannot be eliminated completely without removal of
and destructive testing and inspection of the cables. Con-
sideration should be given to such a procedure, as these
cables are critical from a safety standpoint.

Cracks in the concrete of the piers and abutments have

. been repaired recently. These repairs have been effective,

and these parts of the structure are, with minor exception,
in excellent condition. The only surface deterioration of
the concrete observed was localized and of no structural
significance. Minor repairs to the concrete should be made,
as indicated in the report.

Immediate action should be taken with regard to the
replacement of the anchor bolts for the lamp posts, as .these
have deteriorated to such an extent that there is a danger
that some of the posts may £all under adverse weather condi-
tions. Similarly, a localized area of spalled concrete on
Pier 4 should be repaired, as a large piece of concrete may
break loose at any time.

The design analysis of the capacity of the structure
to carry current loadings indicates that any possible traffic
load is well within the capacity of the structure. However,
the current design loads of the american Asscciation of State
Highway Officials for wind has been increased 66 percent over
the wind loads originally used for the design of this bridge.
This results in theoretical overstress in certain members
loaded by wind alone. Considering the conservativeness of
current wind load, we do not believe the overstress that may
occur will be of significance. With regard to the capability
of this bridge to handle current highway traffic safely, it
should be noted that the widths of the traffic lanes are less
than is now considered desirable and opposing traffic is not
physically separated.

As requested, we have included an estimate of cost to
make the recommended repairs. We find that slightly more
than $500,000 will be necessary for this purpose.

We are pleased to have had the opportunity to make this
study and wish to acknowledge the excellent cooperation of
your staff in furnishing data to us and to thank the Depart-
ment of Public Works of the Commonwealth of Massachusetts
for the traffic data which they supplied.

Very truly yours,

FAY, SPOFFORD & THORNDIKE, INC.

By 7 N o N

Richard W. Albrecht,
Director
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REPORT

GENERAL HISTORY - CAPE COD CANAL BRIDGES

In 1697, the General Court of Massachusetts
ordered a feasibility report for the construction
of a canal from Buzzards Bay to Cape Cod Bay. There
is no record of this report ever having been made or
submitted through the General Court but it does indi-
cate a very early interest in a c¢anal at this location,

In 1899, the Massachusetts Legislature grahted a
charter to the Boston, Cape Cod and New York Canal
Company, for the construction of a canal. Work began
in 1909 and was completed in April, 1916. The project
dimensions of the canal constructed were 25 feet depth,
with a bottom width of 100 feet, widening to 300 feet
at the east end and to 250 feet at the weét end. The
canal was eight miles long in land cut and had dredged
approaches of one-half mile in Cape Cod Bay and five
miles in Buzzards Bay.

Because of the difference in phase and height of
tides at the two ends of the canal, its narrow width
and fdst currents, traffic using the canal began to

decline in 1919,
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The United States Government purchased the canal
in 1928 at a cost of $11,500,000 and placed it under
the supervision of the United States Army, Corps of
Engineers.,

The original bridges‘crossing the canal consisted
of two highway bridges and one railroad bridge. All
were single span bascule structures with clear distances
between fenders of 140 feet. The original highway
bridges carried an average of 20,000 vehicles on Sundays
during the summer, with a reported peak traffic of 40,000
vehicles on the day of the eclipse in 1932. 1In 1932, the
United States Army, Corps of Engineers, recommended ulti-
mate widening of the canal to 500 feet bottom width with
a 40 feet depth. The National Industrial Recovery Act of
1933 authorized thé expenditure of $23,500,000 for this
purpose., On August 31, 1933, the War Department allocated
$4,600,000 for the construction of three bridges over the
widened canal.

The criteria for the new highway bridges required a
vertical clearance of 135 feet above high water and a span
that would clear the newly proposed channel limits,

The firm of Fay, Spofford & Thorndike was engaged as
designing and supervising engineers for the two highway

bridges. A construction contract for the bridge foundations
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was awarded to P. J. Carlin Construction Company of New
York on December 8, 1933, A contract for the construc-
tion of the superstructure was awarded to the American
Bridge Company on January 25, 1934.

The low banks of the canal, and the high clearances
and substantial lengths of the bridges required, dictated
the selection of three span continuous trusses, .partially
deck and partially through. This construction made it
possible to use the same main structure for both the
Sagamore Bridge and the Bourne Bridge. As high ground
is relatively close to the canal at the Sagamore Bridge,
it was possible to carry the embankment up to the ends
of the main bridge structure. At the Bourne Bridge addi-
tional truss spans were required at each end.

The bridges were opened to traffic on June 22, 1935,
with a formal dedication in August, 1935.

Bourne Bridge

The Bourne highway bridge consists of seven spans.
Simple truss spans of 240 feet and 270 feet on the south
side and 240 feet and 208 feet on the north side, flank
the three continuous channel spans. The substructure
consists of the two channel piers, four intermediate
piers and two abutments. The total bridge length be-
tween centerlines of abutment bearings is 2,384 feet.
Each abutment provides a concrete framed bridge deck
150 feet long, making the total structure length 2,684

feet,
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The roadway is suspended from the truss by double
cables at each end of each floorbeam .for the middle

two-thirds of the main channel span. The floorbeams

- of the side spans and the portions of the main span’

immediately adjacent to thé plers are framed directly
into the trusses.

The majority of the truss members and the fioor
beam flanges of all spans were constructed of high
strength silicon steel., The stringers of Spans 1, 2
and 3 are also constructed of silicon steel. The
roadway deck was constructed of lightweight (Haydite)
concrete. This construction resulted in a lighter

superstructure with consequent savings in steel and

improvement in appearance.
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HISTORY OF MAINTENANCE, REPAIRS AND- ALTERATIONS

(Bridge Open to Traffic = June, 1935)

— Painting Record

Fiscal Year 1938
n 11}

p "

1947

" 1951 & 1952

" 1958
" 1967

" 1971 (Railings only)

Paving Record

Fiscal Year 1938 (Seal coat of sheet asphalt)

" 1949

" 1964 (Part of 1963 Major Rehabilitaticn)

ALTERATIONS

Drawing Nos.

Drawing Titles

M— n
n
— REPAIRS AND
Fiscal
. Year
1937
- 1955
o 1959
1960
o 1962
\\_‘
i
= 1962

Maintenance
Maintenance

Feb., 1959
F1112-E-1-1
{One Sheet)

Maintenance

Repairs to Bourne
& Sagamore Bridges

Description of
Work

Repair hole in
deck - Span 1

Repair hole in
deck - Span 4

Replaced four
anchor bolts -
1l each bearing -
Piers 3 and 5

Repaired spalled
concrete on
Pier 4

Replaced sections
of underdeck catw
walk grating

Installation of
ladder safety
devices
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Fiscal Description of

e Year Drawing Nos. Drawing Titles Work
1962 Maintenance Installed covers
— over rcoller bear-
ings
L 1963 - Maintenance : Repair hole in
deck - Span 3
_ 1963 VL-15B 10~inch Gas Main Ten inch diameter
— (One Sheet) Bourne Bridge welded steel gas

main installed
_ between Piers 3
L and 4 with risers
at piers. (Work
for and by Buzzards
Bay Gas Co.)

1963 1156-E-1~1 Bourne Highway Additicnal access
(Ten Sheets) Bridge - Major ladders and plat-
e Rehabilitation forms, downspouts

added to scuppers, -
replace catwalk
grating, resurface
roadway, sidewalk
and curb, new curb-
ing, rebuild expan-
sion- joints, replace
5-foot strips of deck
; adjacent to curbs,
L e electrical work, new
. scuppers, repairs to
concrete deck

_—

1969 May, 1969 Sagamore and Pressure grouting
CAP-11 Bourne Highway of cracks in abutments
: (Six Sheets) Bridges Structural and piers
A Repairs

— Annual Maintenance

(1) Cleaning, greasing and aligning roller bearings.
- _ (2) Patching concrete curbs and sidewalks. This
maintenance was accomplished prior to 1964 when granite curbing and
sidewalk waterproofing were installed.

(3) Patching bituminous concrete roadway paving.

(4) Spot painting of structural steel.

(5) Repair to expansion joints (welding and/or boltlng
plates and plac1ng plastic compound)
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American Bridge Co.

Erection Procedure
Jacking Arrangement
Railing ‘

Bearings

Truss Members

Bracing Members

Floor Beams

Stringers

Fascia Beams

Fence Posts

Lamp Posts

Shop Drawings
Order No.

G5228
G5228
G5229

G5230
G5234
G5235
G5236

G5230
G5231
G5234
G5235
G5236

Gb5234
G52356

G5230
G5231
G5234
Gb235

G5230
G5231
Gb234
G5235

G5234
G5235

G5230
G5234
G5235

G5234

12

Sheet No.

r1l, 25-27
52-57

65

E102

1-17, 30-33
1-12

9-39

1-27

102

47-51, 58-66, T4, 18
33-50

21-24
22-29
1-6, 73-76
28-31

18-20

19-20

40-46, 63
53-59, 61-64, 69

72
60

28-29
E11, 67-71, 77
32, 51-52

7-8, 79-81



Shop Drawings

Kalman Steel Co. Sheet No.
Welded Truss Mats, Road Deck No. 34-5 K1 to K6
P.J. Carlin Construction Co.
Pier reinforcement, granite facing,

abutment foundation, reinforcement,

deck, walls, pylons. No. BR-65 1-110
Phoenix Bridge Co.
Pier reinforcement No. 327 1-8

13

These drawings, in addition to the original coniract drawings, are

on file at the following locations:

Department of the Army

New England Division, Corps of Engineers

Cape Cod Canal Office

Buzzards Bay, Massachusetts

Department of the Army

New England Division, Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts

Fay, Spofford & Thorndike, Inc,
11 Beacon Street
Boston, Massachusetts



Fay, SPOFFORD 8 THORNDIKE, INC. . 14

ENGINEERS
BosTown, Mass.

INSPECTION PROCEDURES

An ironworker crew was utilized during the inspéc-
tion to provide rigging where required and to assist in
the inspection of the areaé where difficult climbing was
required for access to certain parts of the structure.
The crew consisted of four journeymen ironworkers'and a
foreman, provided by the steel erection firm of Owen J.
McGarrahan Co. qf Cambridge, Massachusetts,

The engineers started the field inspection three
weeks prior to the arrival_ofithe ironworker crew.

This time was utilized on the review of foundation

data, substructure inspection and the inspection of
parts of the superstructure readily accessible. A
préliminary inspection of thé superstructure was com-
pleted during this period to deterxmine which areas would
require special attention.

During the fourth week of the field ihspection,
the ironworker crew started work and the detailed in-
spection of the superstructure w;S started. Equipment
used to facilitate access to the structure included a
two place powered personnel basket. Two teams, each
consisting of two ironworkers and one engineer were

employed in the detailed inspection. These teams

covered the entire superstructure inspecting ev
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j:iffﬂgﬁghgfﬂégg, A third team consisting of two
eﬁgineers made detailed inspections of less exposed
areas.

The inspection work was coordinated with govern-
ment contractors working on the bridge and with Corps

of Engineers personnel who were carrying out regular

" maintenance operations. The Corps of Engineers scheduled

the annual maintenance of bearings to coincide with the
inspection to avoid duplication of the work of removing
plates and cleaning the rollers. With the assistance of
the-iron workefs, the engineers were able to reach all
parts of the structure for visual inspection of any deteri-
oration found by any member of a team. Areas of the under-
deck where the uppef chord horizontal bracing consists of
upturned angles had to be cbserved from the vertical truss.
members.

Numerous photographs were taken showing both the
general condition of the various members and parts of
the structure and details of the deteriorated areas
found. The clearest and most definitive of these photo-
graphs were selected and included as Appendix I to this

report.

15
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The ironworker crew was also utilized to provide
rigging for X-Ray technicians and to remove plates
from the truss bearings for inspection,

The procedures utilized for the various instrument
surveys will be described in the sections of the report
dealing with these surveys.

Fay, Spoffordl& Thorndike personnel engaged in the
field inspection and preparation of this report were
as follows:

Richard W. Albrecht - Project Manager

Robert L. Harrington - Project Engineer

Marcus Hann - Engineer

Isaac Pargman - Engineer

Robert E,. Bertoiino - Engineer

Because of the size of this bridge and the numerous
members which had to be identified in the taking of field

notes and during the writing of this report, a joint number-

16

ing system was devised. The system employed is an extension

of that used on the original design drawings. This system
together with pier and span number designations is shown
on the Key Plan included as plate I of this report. The
legend given on this drawing is self explanatory and is

used throughout the report to identify the part of the
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structure being discussed. The abbreviations shown in the
legend also apply to the abbreviations used in the "Summary
of Inspection Notes", In the photograph books of Appendix I,
the second picture number, in parenthesis, is the roll and
negative number. Field Book II C gives the field book re-

ference of all the photographs taken.
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REVIEW OF FOUNDATION DATA -

All available foundation data was reviewed to
determine the probable conditionlof the bridge founda-
\ tions. The data reviewed are as follows:

- 1. Substructure Contract Plans
Sheet 5 of 19
e "Bourne Bridge -~ Record of Borings"
(Includedzas Plate II of this report).
2. Drawing No. DS20-2F
(Two Sheets)
"Sagamore and Bourne Bridge Survey Data"
— (Data for years 1935 to 1970}
3. Drawing No. File 472-1 E-12-1 (DS13/Fl-1)
(One Sheet)

"Bourne Bridge Foundations As Built,

Piers 1, 2, & 6%

N 4. Bourne Bridge Maintenance Sections
(Twelve Sheets)

Years 1957 through 1969

The foundations of the Bourne Bridge have been

checked for movement and settlement at regular intervals
L gince initial construction, by surveys conducted by
Corps of Engineers personnel. These data are presented
by the two drawings listed under Item 2 above. The

original survey was made within three months after
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the bridge was opened to traffic in 1935. The second
was made in 1947, and subsequent surveys have been
made at regular intervalg, the latest having been con-
ducted in October, 1970. A total of approximately 19
measurements at each point have been made since 1947.
The control points established consist of bronze plugs
set into the top course of granite masonry at the four
outside corners of each channel pier, and two points
in the concrete at intermediate Piers 3 and 4, a total
of 12 points. Concrete monuments were set on shore
between the intermediate and channel piers on line with
the plugs set in the piers and are used to check for
both longitudinal and horizontal motion of the piers.
Elevations were read at each of the bronze plugs in
order to check for any settlement of the foundations.
A review of the survey data taken over the years may
be summarized as follows:

Elevations

Six points now higher (maximum 3/16 inch) than
in 1935.

Six points now lower (maximum 5/16 inch) than
in 1935.

Horizontal Alignment

Measurements indicate gradual shortening of the
distance between the concrete monument on shore and the

east pedestal of the south channel pier.

19
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The changes in elevations indicatéd are not of
significance considering the aécuracy_of this type of
survey. Slight ﬁovements of the bench marks also way
have occurred,

The gradual shortening in the horizontal align-

ment of approximately 5/8 inch would not normally bg

insignificant in the 48-foot measurement. However,

tﬁis shortehing occurred only on the east pylon mea-
surement, while the dimensions at the west measurement
increased slightly; In addition, the concrete monument
used initially was destroyed in 1963 and a neﬁ monument
established. All of the shortening recorded has occurred
since 1963, indicating that this monument may not be
properly embedded, or that it is too near the canal.
The records also indicate that the measurements bét een
the original bound and tﬁe pier had been lengthening \
slightlf prior to the destruction of this bound.

During the construction of Piers 1, 2, and 6,
certain deviations from the contract drawings were(f/r‘
permitted, including the addition of timber piles a£ %

Pier 2. These construction changes are shown on the sf

plan titled "Bourne Bridge Foundations As Built"

(Plate III), All other foundations were constructed J

in accordance with the contract drawings.

20
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As part of the lnvestigation of foundations, a
plot has been made of the locus of high and low points
from the maintenance sections taken between the years
1957 and 1969. These sections, which are a plot of
channel soundings taken in the vicinity of the piers,
are shown on the twelve drawings listed as data Item
4, Loci of high, low and most recent soundiﬁgs are
shown on Plates IV and V. Thié provides a graphical
history of the limits of change in channel bottom
adjacent to the piers during the pericd of years stated.
These data show an average variation of approximately
5 feet in the channel bottom highs and lows with no
indication of any severe scouring having taken place.

There is a minimﬁm of 35 feet of soil between
the bottom of channel and the tips of the cofferdam
sheet piling., This is approximately 10 feet more covef

than exists at the Sagamore Bridge.

21

Our studies of the available survey data, soundings,

and records of borings indicate that the foundations

of the Bourne Bridge are stable,
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SUBSTRUCTURE

The cracks on top of the pylons noted in the following

— discussion for the various piers should be repaired in the

same manner that the 1969’repairs were made, The tops of

the piers are relatively accessible and will not require

expensive rigging. These repairs are particularly im-

portant on the intermediate piers as the pylons at these
o piers are unreinforced. If the cracks are allowed to

weather and widen, large spalls could occur.

During future inspections, the condition of all
cracks which have been patched should be noted and the
piers and abutments inspected for any new ones which may

— cccur.,
Considera@ion was given to the reason for the

occurrence of these cracks in the substructure concrete

with the following conclusion. When the concrete original-
é“ ly cured hairline shriﬁkage cracks formed on the surface
g which were not perceptible until after many years of
weathering. Because of the mass of the concrete in the
substructure units their interiofs are not subject to
dailymtemperatqre fluctuations which affect the concrete
at and near the surface. This creates a condition which
results in the formation.of hairline cracks similar to the
original shrinkage cracking or to the further opening of

no— existing cracks.



Fay, SPOFFORD B THORNBIKE, INC, 23

ENGINEERS
BosTton, Mass.

The tie beam sections farched horizontal members between
pylons) are reinforced but support no gravity loads from the
structure, However, under lateral loads they insure rigid
frame action of the piers. A study of the elevations which
were periodically taken on Piers 1 through 4 does not indi-
cate any significant differential settlements between the
pylons of-any one of these piers. Since most of the cracks
in the tie beams are located at points where lateral loads
do not cause stress, it is our conclusion that the cause of
cracking at the tie beams is the same as described for the
pylons.

North Abutment

The general condition of the north abutment was found
to be excellent, In 1969, all of the piers and abutments
were patched in thé areas where cracks were found. These
patchés appear to be in excellent condition. Due to the |
relati&ely short time since the patches were placed, it is
recommended that they continue to be checked as . a regular
maintenance procedure. The following photographs show the
north abutment:

Breastwall - (Al to A6)

East Wingwall - (A8 to Al0)

West Wingwall - (All to Al5)
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The east wingwall is in excellent condition with no new
. cracks or spalls evident. At the end of the west wingwall,
the surface patch under the light pole was deteriorating with
horizontal and vertical cracking noted. This area is shown
in photographs (Al4) and (Al5). The slopes at this end of
the west wall need occasional maintenance to correct the
condition shown by photograph (al4).

- Inspection was made of the inside of the north abuﬁment.
The general condition here is also excellent. Photograph
(A7) shows the inside of this abutment. Inside the abutment
at the expansion joint that is approximately 43 feet from
the end of the abutment, a leak was noted over the second
diaphragm wall. Leakage has occurred along the entire
B length of the wall, The compression seal in the deck joint

at this point appears to have deteriorated or to have been
improperly installed and should be replaced.
On the west bearing seat of this abutment, a hairline
crack was found on the west side of the bearing radiating
S from the southwest anchor. bolt. This crack, shown in
photograph (a4}, extends down the side face of the abutment
approximately 6 inches.
Photograph (A5) shows the concrete backwall under the
expansion joint over the bearings. This concrete is in

- - good condition. Photographs (Al7) and (Al8) show the
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granite capstones on the wingwall parapets for this
abutment. They are in very good condition and in proper
alignment. Photographs (Al6) and (Al9) show the metal
sleeves at the end closures for the railings of Span 6.
Photograph (Al9) is a close-up of a concrete spall at

the east wingwall closuré. Photograph (A6) shows the
condition of the slopes in front of the north abutment.
Gravel has been placed to £ill a gully, apparently eroded
by the water falling from the deck scupper downspouts,

South Abutment

The south abutment is in very good condition.
Photographs (A20) through A3l) show the general condition
of this abutment,

In the concrete breastwall a long crack runs vertical-
ly down the center of the wall. From the inside of the
abutment, this crack-was observed to go from the inéide
ground line up to midway between the two concrete struts.
Evidence of fresh leakage from the outside ground line
down was observed. This crack was patched from the out-
side above the ground line. This patch is shown in photo-
graph (A25) and photograﬁh (A24) shows the condition at the
inside wall. No new cracking or spalling was observed in

either the east or west wingwall,
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There is a large spalled area in the concrete beam
under the west curb. This spall is under a roadway
scupper and is a result of water and deicing chemicals
running down the side of the beam. It is recommended
that a splash plate be installed to deflect the drainage
from the beam. Photograph (A28) shows this area. Inside
the abutment a crack has formed in the northeasﬁ corner
of the second diaphragm wall from the north. This crack
is not structurally significant but is noted for future
reference.

Photographs {(A30) and (A31l) show the south abutment
parapets. In.photograph (A3l) misalignment of the cap-
stone at the east parapet can be seen. The north cap=-
stone is 3/8 inch east of the south stone, these stones
being the tenth and eleventh stones from the south abut-
ment pylon.

The west_siderparapet is shown in photograph (A30).
The wall joint material in the second joint back from the

abutment appears to be overcompressed, as shown in photo-

‘graph (A29). At this point, the capstones were misaligned,

the north stone being 1/4 inch east of the south stone.
The distance between the concrete faces under the capstone

is 5/8 inch.
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The misalignment measurements noted above will be
useful in determining if any further movement of the
walls takes place. The condition does not warrant
immediaﬁe correction,

— Channel Piers Granite

The two channel piers, Piexs 1 and 2, were inspected
for the condition of the granite facing at the water line.
Inspection was made from a small boat. An effort was made
to inspect the granite at low tide so that as many masonry
—_ joints as possible could be observed. The granite stones
are 2 feet high, and of variable length and depth.
The general condition of the granite stones and the
mortar appeared to be very good. The fdllowing paragraphs
describe areas where the mortar has been eroded, and we

recommend that these areas be patched to presexrve the

integrity of the interior concrete.

Pier No. 1 -~ Granite

Photograph (A33) shows an opening about 6 inches long

in the second mortar joint from the top. This is on the
- east face of the east pylon. The mortar here chipped off
| fairly easily and upon close inspection it was found that
the inside of this hole was eroded to a considerable extent.
A similar condition was found in the third joint down on
this face. The rest of éhis face appeared to be in good
condition. On the north face of the east pylon, the mor-

tar surrounding the top corner stone is in poor condition.
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The west pylon is in generally good condition. On
the north face of this pylon a separation between the
mortar and the stone was found at the northeast corner,
The second joint down on this face was in poor condition,
the mortar being missing in places. The east and west
faces were in good condition, with only a hairline separa-
tion betweenlthe mortar and stone at the northeast corner
of the east face. On the south face, cracks were found
along the east and west cornexrs near the top. Also noted
on the east face of the west pylon, where the pier concrete
meets the top granite stone, surface spalling and cracking
was noted,

Pier No, 2 - Granite

The granite facing for Pier 2 is generally in good
condition, On the west face of the east pylon, at the
first joint from the top, the mortar chipped off éasily
for about & feet from the northwest corner, with the
first foot from this corner losing mortar up to 2 inches
deep. At the fourth joint, the mortar has been eaten
away for the first 6 feet from the southeast corner.
Also, at the northeast corner of this face, the fourth
joint of mortar has deteriorated along a length of 2
feet., Photographs (A37) and (A35) show this condition
at the northeast corner of the east pylon. The depth
of the detericrated mortar in this joint varied from

1 to 3 inches. Photograph (A36) is also of the north
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face of the east pylon, showing the northwest corner stone.
The mortar is missing in the vertical joint for depths up

to 2 inches with the 9orizontal joint showing some deteriora-
tion also.

Photograph (A38) shows the general condition of the
south face of the west pylen. At the southeast corner
stone of this pylon the mortar surrounding this stone is
in poor condition, |

The repair of the mortar joints in the granite facings
noted should be done as a preventative maintenance measure.
No serious deterioration has yet taken place.

CHANNEL PIERS

The channel piers are gravity structures composed
of two hollow shafts tied by a hollow cap beam and
supported. on a concrete monolith twenty-five feet thick.
The shafts above the granite faced pedestals, and the
cap beams are reinforced with structural steel frames.
This was a substitution made for the bar reinforcement

shown on the pier design drawings (Plate VI}. -
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Pier 1

The concrete inspection of Pier 1 indicates the
pier to be in very good condition. Photographs (A39
through A45) show the.genéral appearance of the faces
of the pier. All of the cracks that were previously
patched appeared to be in good condition and hafe not
opened up. The condition of the concrete around the
bearings and arch was given special attention.

On the west pylon, small spalls were found on the
top surface. All four corners at the top of the pylon
have been patéhed, and a crack running parallel to the
east face of the west bearing has also been patched.

At the north end of this patch is a continuation of the
crack that either wés not patched or appeared after the

patching was done.

The east pylon has patched areas similar to the west,

with an additional crack found on the south face as shown

in photograph (A46). This is a hairline crack about 2

feet from the southeast corner, running 8 inches vertically

and 8 inches horizontally on the surface of the chamfer.
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Pier 2

The condition of Pier 2 is very good. The photographs

31

showing the general condition and features for this pier are

numbered A47 through A53. all of the previous cracks that
were grouted were examined and found to be in good repair.,
An additional crack on the south face of the tié beam near
the top was noted,

The concrete at the top of the piers was inspected
for hairline cracks and new spalling. All four corners
of both pylons had previous patches which are in good
condition. The west pylon has a hairline crack on the
west face chamfer as shown in photograph (A52).

On top of the east pylon, there are three cracks
féund that were no£ patched, There is a hairline. crack
on the north face approximately 3 feet from the northeastb
corner running vertically down the chamfer for about 1
foot length. On the east face photograph (A53) shows a
hairline c¢rack in the middle of this face, Also noted
was cracking and superficial sPalling at 5 inches from
the masonry plate of the east bearing. This crack runs

parallel to the west face of the bearing.
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INTERMEDIATE PIERS

Pier 3

Pier 3 is also in good condition. Photographs
relating to this pier are numbered A54 to A63.

All of the patches that were made in the 1969 repair
contract are still in good condition. ©On the east pylon
at the bottom of the west face, some spalling has occurred.
On the west pylon there is also spalling near the base of
the east face. No repair work is recommended for these
areas.,

The top of the concrete cap for this pier was in-
spected, and several cracks and spalls were found. These
are shown in photographs (A59 through A63). Photograph
(A62) shows a crack going from the east face of the bear-
ings to the edge of the concrete and down the chamfer of
the east pylon. Photograph (A56) shows an extension of

this same crack going one-third of the way down the east

face of the pier which was patched during the 1969 repairs.

Photograph (A63) shows spalling along the north side
of the top cf the east pylon. There are also two hairline
cracks going from the baseplate to the edge of the chamfer
at this location. Many of the cracks mentioned for these
piers seem to radiate from the anchor bolts for the bear-

ings.
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Photograph (A60) shows the north face of the west
pylon. Two hairline cracks were found running north-south
from baseplate to chamfer. In addition, there is a 4-foot
discoloration of the concrete here, and a spall about 12
inches by 6 inches by 3/4 inches. Photograph (Aﬁi) shows
the other crack on this face. One of these cracks runs
1 foot down the face of the pylon, the other going 3
inches down the face. Also on the west pylon is a crack
going north-south at the southeast corner of the south
bearing. This crack runs 6 inches down the face of the
chamfer, and is shown in photograph (A59).

Pier 4

Pier 4 has the most serious spalled area encountered
during the inspection on the piers. On the south face of.
the east pylon there is a 5-foot long cracked area that is

in immediate danger of falling off. This crack, shown in
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photographs A71, A73, A74 and A75 has discoloration indicat-

ing that water is leaking through the crack. On this same
pylon cap, spalling and cracking is occurring on the east

face also. Photograph A72 shows this area and the 3-foot

long crack.

On the west pylon cap, the south face is also cracking
and spalling. At the spalled area, the crack is approxi-

mately 5 feet long. Upon tapping, this area sounded hollow.
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Discoloration due to leakage was also evident. Also, on
the west face of this pylon is another hairline crack and
a spalled area approximately 6 inches by 6 inches by 1 inch.

The rest of the pier appeared to be in good c¢ondition,
as were the previous patches. Photographs showing the faces
of this pier are numbered A64 through A70.

Pier 5

Pier 5 is in generally good condition. Photographs
for this pier are numbered A76 through A8l. All of the
previous patching appeared to be in good condition. Other
small cracks and spalls were found on the sides of the
pier, but.none of any seriocus consequence.

On the top of the pier, the west side of the west
pylon has a crack runnhing from the bearing seat tb the
chamfer. This is shown in photograph A81L and shows a
2-1/2-foot spalled area adjacent to the crack. The
tie beams of all the piers were in good condition.

The east pylon has a spall on the east face. The
north face of this pylon has a hairline crack running
north-south down the chamfer and a spali approximately

1 foot - 4 inches by 4 inches by 1/2 inch deep.
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Pier 6

The general condition of Pier 6 is shown in the
photograph books under photographs numbered A82 through
A89. This pier is in very good condition, with only
minor cracking and spalling found on the sides of the
pier. The patch on the east face of the east pylon
is in good condition, and the east pylon and arch are
in good condition.

On the west pylon, the south face has two small
spall areas with hairline cracks, and photograph A86

shows a 3-foot long crack on the west face.
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SUPERSTRUCTURE

The inspection of the superstructure indicates that
most of the structural steel and deck concrete are in
good condition. The greatest amount of deterioration has
taken place in the floorbeams and stringer ends adjacent
to faadway joints, in the connections of horizontal bracing
members and in the lacings of secondary built up members.

There are several factors contributing to the deteriora-
tion of the steel at the vulnerable areas noted. In the case
of the steel and concrete adjacent to roadway joints, this
deterioration can be attributéd to the passing of water and
deicing chemicals through these joints to the supporting
steel., Measures taken in the past, epoxy painting and
adding flash plates, have not proved wholly effective and
the deterioration continues, Water leaking through the
deck is also reaching these areas due to breakdown of water-
proofing, particularly adjacent to roadway joints. The
integrity of the waterproofing must be maintained and
water must be prevented from reaching the steel through
the joints. The roadway joints will be discussed sepa-
rately under the section on expansion joints.

Photograph Bl44A shows cracking of the bituminous
wearing surface which allows water to enter and then to
migrate between the pavement and ﬁaterproofing until it
finds a break in the waterproofing. The larger of these

cracks should be sealed to minimize this migrating water.
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The connection plates which are most seriously deteriorated

are horizontal. They tend to accumulate debris and moisture.

{ . : .
L Only frequent maintenance of these plates will prevent con-

~tinuing damage.

Lacing bars, insides of truss members and certain
other areas are subject to surface scaling and subsequent
further deterioration due to improper cleaning before
painting. A procedure for arresting this type of
deterioration is discussed in the section on the con-
dition of the truss members.

Following is a discussion of the conditions found in
the structural steel and concrete of the superstructure
with recommendations for remedial work. These recommenda-
tions are summarized, in the "Summary of Recommended Repairs."
A detailed "Summary of Superstructuré Inspection Notes"
taken from field bocks are tabulated and included as
Appendix II., Plate I provides a key plan for location
of the wvarious members in the structure and Plates XV
through XXVII give details of construction for the bridge

superstructure.

-\\‘
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Main Truss Members

The primary structural support for the roadway
is provided by two lines of trusses, one at each side
of the deck, made up of riveted shapes, plates and
lacing bars.

The truss members are in good condition struc-
turally. The general condition of these members and
their connections is shown by the following photographs:

Span 1 - Bl thru B6, Bl(0

Span 2 - B7, B8, Bll

Span 3 - Bl3

Span 4 - Bl5

Span 5 - Bl4

Span & - B9

Span 7 - Bl2

Photographs Bl2 thru B1l5 indicate the poor condition
of the paint and the resulting surface rust, especially
evident on the trués menbers of Spans 4, 5, 6 and 7.
Photograph B8 showing the inside of member LO'E-UO'E

indicates complete failure of the paint system. This

member lies below a roadway expansion joint and the exten-
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sive'damage is no doubt due to deicing chemicals which com-

bine with the drainage runoff during the winter months.

Except at such locations as noted, the inside surfaces of

the truss members were found to be in approximately the same
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condition as the outside surfaces., Photographs B7,
B2, B1l0 and Bll show the condition of the insides of
£russ members.

As indicated in the summary of inspection notes,
the primary comments refer to surface rust which.is a
direct result of improper cleaning before painting and
subsequent paint failure. There is evidence of. paint
having been applied diréctly over rust scale on many
of the truss members., If the integrity of the struc-
ture is to be maintained and very costly structural
repairs avoided in the future, proper cleaning and
painting is mandatory. Although built up members
employing lacing bars and stay plates are difficult
or nearly impossible to clean by hand, there are
blast methods available which, thle costly, are still
vastly preferable to the alternate future structural
repairs, It is recommended that a cleaning contract and
painting contract be awarded requixiﬂg that all areas where
scale is evident beneath paint and all areas where paint has
failed be blast cleaned,i;rimedland covered with one coat
of finish paint. 'When this work is satisfactorily completed,
one coat of finish paint should be applied to the entire

structure. The requirements of the specifications should be
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more stringent than for a normal painting contract and
inspection should be more detailed and rigorous. To
insure against minor, but continuing deterioraticn of
the steel on a long term basis, every third cor fourth
painting job should be on this basis.

There was no evidence of joint distortion or
member misalignment noted during the inspection éf
the truss members,

Member L16E-ULS5E of Span 1 has very heavy rusting
of the lacing bars, with one bar broken as shown in
photograph B3. Inside of the connection at L10'E of
member L10'E~L11'E, Span 1, has rusted up to 1/4 inch
deep.,

In Span 2, the lacing on many of the members was
found to be in poor.condition with the lacing bars at
the US'W end of member U8'W-U9'W having lost up to 50%
in section.

In Spans 2, 3, 4 and 5, the condition of the members
is generally good, although on many the paint is in poor
condition.

At the LOW end of member LlWFLOW, Span 6, heavy rust-
ing at the bottom of the top plate was noted.

In Span 7, member USW-L6W has heavy rusting on its

west face at L6W.
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Truss Bracing Connections

The truss bracing connections, although generally in
good condition, are the most severely corroded parts of the
bridge. The summary of inspection notes lists all the con-
nections with deteriorated rivets or gusset plates. The
condition of the plates is listed as either surface rust,
moderate rust, or heavy rust. Sufface rusting is mainly a
pain£in§-problem, and heavy rusting is used when 25% or more
loss of éection was found. The moderate rusting nomenclature
is used to describe anything in between. Many of the

connections listed have rivets rusted 50% or more, All

rivets so described should be replaced. Several upper
chord_éﬁsset plates in Séans 2 and 3 are very heavily
rusted, with holes éasily made in them with chipping
hammers. Examples c¢f these plates are at U3E-N, U4E~N
in Span 3, and U4'E-S in Span 2, and are shown in photo-
graphs B25, B27 and B26 respectively. These connections
and those in similar condition should be repaired. The
summary of recommended repairs lists all such connections
requiring repairs. Typical conditions at upper chord
connections for the rest of the bridge are shown in the
following photographs: B24 at U4'E, B23 at U2'E, B3l at

UO'E, and B28 at U4E,.
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The lower chord connections are generally in better
condition than the upper chord, although several in poor
condition were found, Connection L4'E in Span 2 and L5E
and L6E in Span 3, had holes through them. Connection
L4'E, located directly under the heavily rusted connection
U4'E, is shown in photograph Bl8. Photographs B21l, B20,
Bl16, and B1l7 show the condition of lower chord connections
with surface to moderate rust. Photograph B19 shows a
moderately rusted gusset plate at connection L7'W in Span 2.

The inside of these connections was in about the same
condition as the outside. The insides of some of the con-
nections have accumulated debris, particularly at joints
L9 and 19°'.

In Span 1, the bracing mémbers under the suspended
floor are connected to the wind chord. These connections
are generally in good condition. On the west'end of FB11,
north side, 12 rivets were found to be 50% or more corroded.
On the east end of this floor beam, 3 of 7 rivets have sus-
tained a 75% loss.

On the truss of Span 1, most of the connections are in
very good condition. In Span 2, connection Ul'E south side,
is heavily rusted, with 11 rivets 50% to 75% gone, and the
edge of the gusset plate eaten away. Connection UlE, north

side, has heavy rust on both the top and bottom gusset plates.
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Spans 4, 5, 6 and 7 were generally in better condition

at the truss and truss bracing connections than were Spans

1, 2 and 3. The top gusset plate at connection U8BE in Span

5 was heavily rusted and chipped off easily.

As is to be expected, the greatest deterioration at
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the connections occurred in the horizonta}“glates; especial-

ly those on the upgrade side of the flocxbeams. Roadway

sand and bird droppings deposited on these plates hold

moisture which promotes rusting of the steel. It is essen-

tial to clean and maintain the paint on these plates in good

condition. This may require that they be painted between

regularly scheduled bridge paintings.

Truss Bracing Members

The sectional makeup of the truss bracing members is-

shown on Plates XVII through XXII. For Spans 1, 2 and 3,

the bracing members are made up of four angles connected

by lacing bars, as shown in photograph B33. For Spans 4,

5, 6 and 7, the bracing members are generally, except for

certain lower chord horizontal bracings, made up of two angles back-

to-back, as shown in photograph B38. Two deficiencies were

noted in the bracing of Spans 4, 5, 6 and 7., Many of the

angles of the upper chord horizontal bracing were bowed

vertically, either due to their own weight or due to com-

pressive forces,

“

In some instances, they were resting on
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the catwalk railing as shown by photograph B4l. Secondly,
excessive long period vibration was noted in the vertical
sway bracing. Both sway brace angleé are discontinuous at
the center connection which reduces the stiffness to that

of the gusset plate. This. is not at present a serious con-
dition. In future inspections, the gusset at the connection
of the sway bracing should be inspected for signs of fatigue.
None was noted during this inspection.

The condition of the bracing members is shown in photo-
graphs B32 through B52. Most were found to be in very good
condition, especially those above the roadway. The following
is a summary of the worst conditions found at these members.

On the superstructure in Span 1, member Ull'E-Ull'W has
rust scale on the inside faces of the bottom angles, as shown
in photograph B46. Photograph B47 indicated rusting of lacing
bars and B45 shows surface rusting on the inclined'flange of
member L12'W-L12'E. |

The suspended floor bracing of Span 1 is composed of a
system of diagonals and longitudinal wind chords forming a
horizontal truss extending from joints 10 to 10', These
members were found to be in good condition except at their
ends, joints 10 and 10', where leakage through the roadway
joints has been a continuing source of corrosion. Photographs

B44 and B49 through B52 show this condition. Other trouble
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spots on the suspended floor braciné include member El13-
Wl4, which is heavily rusted between its bottom angles.
At point 15'E there is moderate rusting on the insides
of the top and bottom wind chord gusset plates, as shown
in photographs B127 and 3128. Photograph B127 shows a
heavy rust spot where cable hanger connector 15'E-N connects
to the upper plate of the wind chord. Access to this spot
is difficult. Since this is a critical connection, we
recommend this spot to be thoroughly sand blasted, inspected
and painted.

Photogréph B43 shows typical moderate rust on the
wind chord.

In Span 2, leakage through the expansion dam at Pier
4 is causing heavy rusting of the bracing members-located'
directly underneath it. Member LO'E-LO0'W has heavy rust
on its lacing, and some of the lacings of member LO'E-
UO'W are completely gone. Damage to these members is shown
in photographs B40, B32, and B33 respectively. Member
L7'E~L7'W is heavily rusted with some of the lacing 75-
100% deteriorated. Finally, members UC'E-Ul'W, Ul'E-

U2'W and U4'E-U5'W all are badly corroded between the

bottom angles at their east connections, as shown in photograph

B42 taken at UO'E..
In Span 3, the lacing bars on members UOE-LOW, L7E-

U7W and L7W-U7E are badly rusted with some bars completely

gone.
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Photograph B34 shows member U7E-L7W. In Span 4, member
L8E-USW has lost approximately halfl;he cross section of
one oé the outstanding angle legs as shown by photograph
B35. S

‘In‘Span 5, the upper horizontal bracing is heavily
ru&fed in bay p-l and bay 7-8, as shown in photograph
B36. 1In Spaﬁ 6, member L8E-L6W has heavy rust, and in
Span 7,fthe lower bracing in bay 0-1 also has heavy rust,
as shownf}n‘photograph B38.

Because this bridge is subjected fo high lateral
wind forces, the bracing memgers which resist these
forces must be maintained to ﬁﬁe same high standards as
main truss or floor members. Design wind loadings used
for this structﬁre'are lesé thaﬁ those now recommended
for use by the American Association of State qighﬁay
Officials. The restlting decrease in the factor of
safety under high';ateral ioads makes it absolutely neces-
sary .to ﬁaintain‘thé structural integrity of all bracing

members, -

Sidewalk and Curb(éupports

The general condition of the sidewalk and curb supports
S

was ufound to be very gopd. This is in sharp contrast to the

‘poor. condition of these members on the Sagamore Bridge.
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Apparently, the sidewalk waterproofing details proved more
effective on this bridge. Access to many of these members
was difficult in the flanking spans, but detailed cbserva-
tions were made at the manholes located along the west side
of the bridge and by climbing the vertical truss members for
visual inspection. The manholes are located adjacent to the
expansion dams, where deterioration of thé sidewalk and curb
supports is most serious. Many sideWalk channel nuts, angles
and plates were found to be badly rusted. Two sidewalk chan-
nel nuts over Pier 3 were almost all gone. Many others were
50-75% gone. Similar conditions were found throughout the
bridge for these members, and the "Summary of Inspection
Notes" gives a detailed listing of our findings., The more
serious conditions found are described below.

In Span 2, there is a gap between the curbside plate
and the top flange of floor beam 0'. This area has heavy‘
rusting over all the surrounding steel caused by leakage
through the joint. Photograph B61 shows the curb plate
and the top flange of floor beam 0' and photograph B62,
shows similar conditions at FB10. Also, in bay 0'-~1l"
of Span 2 is a heavily rusted sidewalk angle. This angle,
shown in photograph B56, was found to be twisted and
deformed due to rusting. In bay 4'~5' of Span 2, one of

the nuts in the plate suéporting the curb was loose and
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50% rusted away. This is shown in photograph B63, which
also shows heavy rust on the surrounding steel. Photo-
graph B58 shows sidewalk channel to clip angle bolts

on which the nuts are almost 100% gone, and photograph
B60 shows a supporting angle with more than 50% of one
leg gone.

All of the nuts listed in the "Summary of Inspection
Notes" should be replaced, and the other members listed
should be thoroughly éandblasted, inspected and painted.
If the joints at the expansion dams are made waterproof,

further deterioration will be minimized.

Flooxr Beams

The condition of the floorx be;ms in general is very
good.' The areas where significant rusting has occurred
are primarily at the expansion joints., The floor beam
stiffeners, rivets and the horizontal plates supporting
the concrete have all rusted to some degree due to leakage
through these joints and the deck adjaéent to them, The
third stiffener from the west end, the one diréétly under
the sidewalk curb, consistently showed the most extensive
damage. (See photograph B74).

“Splash plates, shown in photograph B66, were added
to the floor beams at the expansion jointé to protect the
bottom flange. Inspection indicates that these plates are
working, but since they are not easily removed, the actual

condition of the bottom flanges can not be determined.
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One indicator that the splash plates are working
is found at the catwalk under the expansion dams between
floor beams. The bottom flange of the floor beam under
the catwalk grating was found to be very rusty, with
maﬁy rivets rusted 50% orlmore. This condition is further
aggravated by the continued presence of sand and bird
droppings on the grating, speeding up corrosion‘and
hampering inspection. This condition is serious due to
the fact that the catwalk is located near the center of
the floor beams, where the stress in the flange is maxi-
mum. Photograph B69 shows that deteriocration cf the
bottom flange is mainly centered at these locations.
We'recbmmend that the catwalk grating under the expan-
.sion joints be remqved,'the botton flange sandblasted,
inspeéted and painted. After cleaning it will be possible
to determine the actual loss of metal and whether or not'
reinforcing plates should be added. If the expansion
joints are made watertight, further loss at these loca-
tidns should be arrested.
! The floor beams at the deflection joints 10 and
10' have been subjected to heavy rusting due to leak-
age £hrough these joints. The summary of inspection notes

enumerates the dondition of steel at these locations.
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Photographs B83 through B88, show points where heavy rusting
has occurred on FB10' and the stringer brackets it supports.

In Span 1, floor beam 13' has rusting at four different
locations. On its north, side, the east end of the top flange
edge has moderate rust, as shown in photograph B80. This is
apparently due to leakage through the roadway. -On the south
side both the east and west ends of the top flange are mode-
rately rusted, as shown in photograph B78, and the east end
of the bottom flange is also moderately rusted. This damage,
although not structurally significant as yet, points up the
need to maintain the deck waterproofing. Also, in Span 1,
the west end of floor beam 12, éround stringer 1 and the
buckle plate, has heavy rust.

In Span 2, the east end éf floor beam 0' has moderate
rust. Photograph Bél shows that leakage through the curb
form plate at stringer 9 is causing heavy rust on all the
surrounding steel. There is a space between the curb form
plate and the top flange of the floor beam. Photograph B3l
shows the damage to stringer 9 as a result of this leakage.
Floor beam 0' also has moderate rust between the sidewalk
channel and stringer 1, and along its bottom flange. Floor
beams 3', 4' and 5' all have moderate to heavy rust at their
east connections, and we.recommend thelfollowing rivets be re-

placed:
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FB 3' 2 rivets East End
FB 4! 12 rivets East End
FB 5' 6 rivets East End

The flocr beams in Span 3 were generally found
to be in good condition. In Span 4, floor beams 0,

2 and 8 have moderate to-heavy rust on them. At the
east end of floor beam 0, both the stiffener and the
plate supporting the end haunch concrete have very
heavy rust, with the plate totally eaten away in places,
as shown in photograph B67. Also,lon this floor beam,
the stiffener at the west end is heavily rusted. On
floor beam 2 for this span, 5 rivets on the east end

of the bottom flange connecting the vertical sway brac-~
ing are rusted 25 to 50%, and should be replaced. These
are shown in photograph B79. Floor beam 8 is shown in
photograph B65 and B66 which indicate the corrosive
effect of water flowing through the joint at thé gutter:
lines at the curb and sidewalk sides respectively. 1In
addition, the rivets under the catwalk grating are
heavily rusted. Five of them are 50 to 75% gone and
should be replaced,

Floor beams 0 and 8 in Span 5 show moderate to
heavy rust. Both of these beams are located at ex-
pansion dams. Photographs B70 and B71 show the under-
side of floor beam 0 and the west end stiffeners re-

spectively. Photograph B72 shows bottom flange rivets
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on floor beam 8, which are described as 10 rivets 25%
gone. Also at floor beam 8, the rivets under the cat-
walk grating are heavily rusted.

In Span 6, floor beams (¢, 3, 6 and 8 also are
moderately to heavily rusted. For floor beam 0, the
east end stiffener is moderately rusty, and the plate
supporting the end haunch concrete has moderate to heavy
rust for its full length. The east side of the top flange
of floor beam 6 shows heavy rust, and floor beam 8 has heavy
rust on the east and west end stiffeners, as shown on photo-
grgphs B74 and B75,

The floor beams in Span 7 are generally in good
condition, but the same floor beams, 0 and 8, again
show heavy rust at the expansion joints. Photograph
B82 shows flcoxr beam 0. In addition, the rivets under
the catwalk grating at floorbeam 8 are moderately
rusted.
Stringers

Nine roadway stringers carry the deck between
fioorbeams and vary in span length from 26' to 44",
They are all 27 WF rolled sections of varying weight
wiﬁh the exception of Span 6 which has 24" rolled

stringers.
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The stringers are generally in excellent condition.

The major exception to this statement is, as in the case

of other steel, the ends of stringers adjacent to expan-

sion joints. Photographs B89, B90, B91, B92, B%96, B98

and Bl00 are all of stringers at expansion joints, and
photographs B105 through Bl09 of those adjacent to de-
flection joints 10 and 10'. Close inspection shows a

hole in stringer 1 at floorbeam 3, Span 4 shown in photo-
graph B10l. Stringers with up to four pencil size holes

were found throughout Spans 4 and 6. These stringers were
either under the sidewalk or under the curbside (stringers

1 or 9) and the damage is the result of leakage which oc-
curred prior to 1963 repairs. This condition was arrested
when these areas were cleaned and painted, and proper main-
tenance should preserve these members.

To minimize future deterioration, the expansion joints

must be made wétertight in order to protect the stringers
- and other members under them. The following is a span by
span summary of the worst conditions found for the stringers.
For damage to stringers at 10 and 10' reference is made to
the summary of inspection notes because of numerous notations

at these locations.

\
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In Span 1, bay 12-13, the top flange of stringer 1
at floorbeam 12 is badly rusted. In-bay 9-10, the bottom
flange of stringers 1 and 3 were pitted to 1/4" depth for
the full length of the stringer. 1In bay 10-11, photograph
B95 shows the accumulation of bird droppings on stringer 3.
This is probably due to birds roosting on the cables support-
ed by stringer 3. These cables, apparently no longer in use
should be remcved from the structure.

In Span 2, stringer 9 at floor beam 5' is moderately
rusted on both the top and bottom flange, as shown in photo-
graph B93. At floorbeam 0', stringers 1, 5, 8 and 9 all
show moderate to heavy rust, as indicated by photographs
B89, B90 and B91l. These are all at the expansion joint
over Pier 4 and indicate that the roadway waterproofing
has ceased to be effective at this location.

In Span 3, stringer 1 at floorbeam 0 is heavily rusted
on its top flange and web, as shown in photographs B94 and

B96. In Span 4, bay 7-8, stringer 9 is heavily rusted at

"floor beam 8, as shown in photographs B100 and B98. As

stated earlier, most of the deterioration in Span 4 is the
result of earlier leakage which has been arrested. 1In
most of the bays, stringers 1 and 9 have lost about 50%

of their section for the bottom 4" of their web.
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Span 5 was found to be in good condition, but in
bay 7-8, étringer 5, the top flange has undergone heavy
rusting, for about 6' of its length, starting at floox-
beam 8.

In Span 6; bay 7-8, stringer 9 shows moderate rust
on the edges of the top and bottom flanges. See photo-
graph B99 for detail, Also, in bay 5-6, stringer 9 is
heavily rusted at floor beam 6. Photograph B97 shows this
condition. This is typical of the end of stringers as de-
scribed in the sunmary of inspection notes for stringers
1 and 9 in Spans 4 and 6. No serious deterioration was
found on the étringers in Span 7.

The condition of the stringers as described above
and in the summary of inspection notes (Appendix II) in-
dicate that the bulk of damage is to the ends of stringers
adjacent to the floorbeams. As the stringers are proporQ
tioned for momenf at the center of their spans, the loss
of material which has taken place at the ends so far is
not structurally significant.

The damage to the bottom flanges of stringers 1
and 9 caused by previous leakage through the curbs near
the center of spans had not progressed to the point of
causing overstress pricr to its arrest. However, any

further deterioration due to leakage cannot be tolerated
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at these locations and any leakage detected through the
curbs or roadway should be stopped. The top flanges of
these stringers are encased in concrete and could not be
ocbserved. They were uncovered during the 1963 repairs and
were found to be adequate at that time.

Underside of Concrete Deck

Much of the deterioration listed in the summary
of underdeck concrete inspection notes (Appendix II) un=-
doubtedly existed prior to the 1963 repairs but was not
consi@ered serious enough to require repair at that time.
This is still true, and the notations are made primarily
for future reference in determining the extent of any
further Qdeterioration which might occur. The deck concrete
is generally in good condition. Transverse hairline crack-
ing and relatively small spalls were the major conditions
noted. At some of the spalls, reinforcing steel was ex-
posed, and some of the previous patches were beginning to
break loose. Two areas where consistent.deterioration was
found were at the haunches at expansion joints and in con-
crete under the sidewalk around the telephone manholes.

As part of the 1963 repairs, the portions of the deck
between stringers 1 and 2, and 8 and % were rebuilt, using
steel buckle plates for the bottom form. The condition of
these plates is excellent, except at the ends adjacent to
expansion dams. The following is a span by span summary of

condition of thé lJower surface of the deck concrete.
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In Span 1, many spalls in the unreinforced haunches
at the floorbeams were found. Photograph B110 shows the
condition at the floor beams and photograph Blll shows
the spalled off concrete as found on the ground under
the bridge. At some floorbeams, the haunch concrete is
cracked and will fall within a short time. While this
loss of concrete at the haunches is not structurally sig-
nificant and does not require patching, it is recommended
that all pieces which are cracked and have not yet fallen
be removed. This will prevent possible damage or injury to
ships, vehicles or pedestrians passing beneath the bridge.
Many small spalls along the stringers were found with
reinforcing steel exposed as shown in photograph B113.

In Bay 14'-15', midbay, between stringers 4 and 5,

a two square foot area of cfacking and spalling was
noted, and the concrete was unsouna. This is shown in
photograph B119. Repairs should be made at this loca-
tion.

Also, in Span 1, Bay 10'~11l' has spalls along the
sidewalk channel for almost its full length as shown in
photograph B122.

In Span 2, the typical floorbeam haunch spalls
were found with rebars exposed at some locations. 1In

addition, hairline cracks going transverse across the
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deck were noted. These cracks occur throughout the bridge,

with some as close as one to three-foot spacing. Some of
the cracks were wider than hairline width, as shown in
photograph Bll6, and in some of them discoloration due to
leakage through the deck was visible. Photograph B123,
taken from the ground under Span 7, is typical of this
condition.

Nothing especially noteworthy, other than typical
hairline cracking, was found in Span 3. Photographs
B115, B11l8, and Bl2l show respectively spalling, crack-
ing and rebars exposed, as found in Span 4.

Span 5 had areas of deck spalling throughout the
span., The concrete around the manhole at Pier 3 was
heavily spalled, with a 3-foot by l-foot area completely
gone. Phbtograph B120 shows this area. Around stringer
5 in Bay 7-8 is a large area of discoloration due to
leakage of water through and beyond the expansion joint
along stringer 5 for about six feet. This may be seen
as the darkened area in photograph Bl24., Deterioration
to the top flange of stringer 5 has resulted and the
waterprocfing should be repaired. Photograph Bll4 shows
the concrete haunch under the expansion dam at Pier 3.
This concrete is very badly spalled and has reinforcing
steel exposed. This is the result of water and deicing

salts flowing through the expansion joint above.
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Spans 6 and 7 generally were in good condition.

Cable Hangers

The cable hangers are located at each panel point
from 11l to 11' and support the flocrbeams for this portion
of Span 1. There are two cables at each end of each floor-
beam, varying in length from 18 feet to 73 feet, suspended
from the lower chord of the arched truss. Thesé cables are
composed of six strands of 37 galvanized wires each, with
an independent wire rope center of seven strands of seven
wires each. The resulting cables are 3-1/4 inches in
diameter. Photograph B138 shows a close-up view of a
cable hanger..

The cable hangers were inspected from the rocad deck,
and the lower chord of the arched trusses. All of the

cables were found to be in excellent condition. Photo-

~graphs Bl125 and B126 show the condition of the top cable

connector sockets and supporting plates. For the bottom

connector sockets, the connection at FBléW has two clamp

nuts for the cable hanger guide clamps rusted to 25%. Thé‘g
connection at 15'E is in poor condition. Photographs B127 \\
and B128 show the effects at this connector of water leaking
through tﬁe bearing plate. This area should be thoroughly

sandblasted, inspected and painted to insure that the deterio-

ration does not progress and reach the cable, An attempt was
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made during the inspection of the Sagamore Bridge to.X—ray
the top of the connector where the cable enters. However,
the lead content of the fill proved too much for a safe
radiation source to penetrate. Therefore, what is probably
the most critical point on the cable cannot be inspected
without removal. |

During this inspection, the north cables at points
12g, 13E, 165, and 14'E did not appear to be as taut
as the south cables, and at poingfig;m,;he north cable
seemed more taut than the south éﬁe. This is not con-
sidered structurally significant or unusual and is noted
here for future reference.

X~rays of the cables were taken to determine if any
internal deterioration had occurred. The following cables
were X-rayed:

X-Ray No. Cable No. Location

1 12-ES - 0° At Floorbeam

2 12-ES - 90° At Floorbeam

3 14-EN - 0° At Handrail

4 14~-EN - 90° At Handrail

5 16=EN - 0° At Floorbeam

6 l6-EN - %0° At Floorbeam

7- l6-EN - B At Bottom of Floorbeam
8 14'-ES - 0° At Floorbeam

9 14'~ES.- 90° At Floorbeam

10 14'-ES - B At Bottom of Floorbeam
11 © 12'-EN =~ 0° At Floorbeam

12 : 12'-EN - 90° ‘At Floorbeam,
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Two X-rays were taken at 90° to each other at each
location. This procedure is desirable when X-raying
cables. At points 16E and 1l4'E, a third X-ray was
taken at the bdttom of the floorbeam as close to the
lower connector as possibie.

These X~rays were made by the Arnold Green Testing
Laboratories of Natick, Massachusetts. A light énd
dark negative of each X-ray and a report prepared by a
radiologist is included as Appendix III. This report
states that no deterioration of the cables was noted
in the X-rays,

Catwalks, Lamp Posts and Railings

There are two catwalks on the bridge,lone tra~
Qersing the entire iength of the superstructure under
the roadway and the.other located on the lower chord
of Span 1 from panel point 1l1'W to 1l6W. These catwalks
weré generally in excellent condition and are shown in
photographs B129, B130, and Bl31l. The underdeck catwalk
grating has been replaced since the bridge was built.
Beavy rusting was noted at almost all of the floorbeams
at the expansion joints, under the catwalk grating, as
noted in tﬁe section covering floorbeams. These loca-
ticns, as shown in photographs B133 and B134 need to

be thoroughly cleaned and painted. At floorbeam 10',
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the catwalk handrail was rusted to 50% as shown in'photo-
graph B132. Atlthe manhole cage at Pier 4, a section of
the top réil is missing. In Bay 10-11l, the navigation

light attached to the catwalk has one bolt missing. This

light should be removed, as it is no longer in use.

Photograph B130 shows the extent of the most serious
deterioration in the lower chord catwalk grating and photo-
graph B135 indicates the most serious condition found in
the underdeck catwalk supports. ‘Proper cleaning and paint=-
ing will arrest -any further deterioration and no recom-

mendation is made for repairs to catwalks.

All of the lamp peosts and cable supported lamp
brackets were found to be in good condition, with the
exception of their anchor bolts. The following is a
summary of conditions found at the lamp posts:

East Side
Pier 5 = NE anchor nut 25% rﬁsted

Pier 3 - NE anchor nut 75% rusted
NW and SW anchor nut 50% rusted

Span 3 - FB5 - NE anchor nut 50% rusted

Span 1 -~ ¥B13 ~ 1 of 6 clamp nuts 50% rusted
FB16 - 2 of 6 clamp nuts 25% rusted

FB13' - Bottom bolt head - 75% rusted

Top 2 clamp nuts - 75% rusted

One in middle - 50% rusted

‘Span 2 - FB5' - SE and NW anchor nuts - 50% rusted

Pier 4 - NW anchor nut 50% rusted
SE and NE anchor nuts 25% rusted

Pier 6 - NE anchor nut 25% rusted
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West Side

Pier 6 - SW, SE, and NW anchor nuts - 25% rusted
Pier 4 - NW nut 75% rusted
SE and SW nuts 25% rusted
Span 2 - FB5' - NW anchor nut 75% rusted
Span 1 - FB16 - 4 clamp nuts 90-100% gone
3 rivets 50% rusted and heavy
rust on plates
FB13 - 1 clamp nut 90-100% gone
Span 3 - FBS5 -~ NW anchor nut 90% rusted
SE anchor nut 50% rusted
Pier 3 - NW anchor nut 75% rusted
Pier 5 - SE and NW anchor nuts 75% rusted

Photographs Bl136, B137, and B138 show some of the

anchor nuts and clamp nuts that are badly rusted. Par-

ticular attention should be given-te—the-claup nuts on

e

the lamp bracket at FBl6W. On four of the six bolts

supporting this bracket, the nuts are rusted 90 - 100%

and should be replaced immediately. All anchor bolts

listed in the above summary as having 50% or more loss

63

should be replaced.

At the time of inspection, a contract to blast clean
and paint the bridge railings was in process. Photographs
B139 and Bl140 show the west railing adjacent to the side-
walk prior to cleaning and painting. As may be seen in

the photographs, some of the palings have lost more than
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50% of their section. The railings and the palings serve
to distribute the load between top and bottom rails should
the rail be struck by é vehicle, It is important therefore
that not too many consecutive palings be in a weakened con-
dition. It is recommended that a paling with a section loss
in excess of 50% be replaced. Inspection notes indicate that
there are approximately 45 palings so described. At FB4,
Span 6, the vertical gusset attaching the east railing post
to the floorbeam has four out of five rivets up to 75% gone.
These rivets should be replaced.

At locations where the rails are directly attached
to the truss members, the bolts should be replaced.

At Bay 7-8 in Span 7, on the third post on the
east railing from FB7, the locknuts on the bolts are
backed off and should be tightened. This conditidn is
shown in photograph Bi4l.

Access Ladders

Access ladders are provided at eleven locations
throughout the bridge. There are two ladders, one
inside and one outside, at each abutment, one at each
of the six piers extending from the underdeck catwalk
to the top of pier and one providing access from the

catwalk on the bottom chord of the west truss in Span 1
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to the upper chord at pt. 16. All laddexs are vertical
with safety rails permanently attached to the ladders to
accommodate the slides of the safety belts.

The brackets attaching the interior abutment ladders’
to the abutment walls show varying degrees of detericration.
At each abutment three of these brackets have lost 50% of
their section and should be replaced. Photograph B1l42
shows the condition of one such bracket at the north abutment.

Photographs Bl43 and Bl44 show brackets at Pier 1
and 2 respectively which attach the pier access ladders
to the sway bracing. These brackets should be replaced.

A bolt at the top of the Pier 6 ladder needs to be
tightened. The ladder extending from L16W to UL6W shown
in photograph B146 is provided with a cage in addition
to the safety guide. Some of the straps making up.this
cage have broken loose and should be repaired. One of
the cage verticals at the top of the ladder which is

loose is shown in photograph B145.
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TRUSS BEARINGS

The truss bearings were inspected to determine
their condition and to make certain that they are func~
tioning properly. The-bearings were inspected both
before and after they were cleaned. Photographs A%0
through Al165 of Appendix I illustrate the condition
at each of the bearings, Measurements of the positions
of the bearings-at the time of inspection were made
and are shown graphically on Plate XXIII. Certain 
differences from details shown on the Contract Drawings
for the bearings at Pier 2 should be noted, Ten 9-inch
diameterirollers were substituted for the eight rockers
originally specified. Guide lugs attached to anchor
bolts through the bed plates were substituted for the
2-1/2 inch anchor bolts specified to be located through
the bearing plates. One and three quarter inch extension
bars have been added to the south side of the bearing
plates of these bearings.

Our inspection found the bearings td'ﬁe functioning
properly and indicated that current maintenance pro-
cedures are adequate; The only recommended repair
at the bearings is that an attempt be made to straighten
the southwest anchor bolt at the east bearing on Pier 3 -

Span 3, and that loose anchor bolts be pressure grouted.
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Pier 1 Bearings

The bearings at Pier 1 are fixed and all of the
movement for the center three spans originates from

this point, These bearings are composed of cast steel

grillages with bearing‘plates top and bottom. Both

the east and west bearing on this pier are in excel-
lent condition, On each of these bearings, ﬁhere is
gdéage bar to measure any vertical movement of the
bearings relative to the pier. These gages were in-
stalled some years ago, prompted by the curling noted
to be occurring at the corners of the top bearing
plate, The conclusion drawn from measurements at
these gages is that the edges have been forced up by
the formation of ice in the voids of the grillage and
that the bearingé are stable. 8Sheet metal covers,
installed to prevent water from entering the grillage,
have been effective and the defoérmation arrested. The
measurement for the east bearing was 2-7/16 inches
and for the west bearing 2-1/6 inchesg, as shown in
photograph A97.

All of the cover plates, bearing plates, and

‘rivets on the east bearing are in very good condition,

with no noteworthy deficiencies found, This bearing
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is shown in photographs A90 and A91, Photograph A92
shows the inside of connection L9E, which is in need
of cleaning.

The west bearing is in equally good condition
with only one exception. The top cover plate for the
bearing, shown in photograph A35, has been bent up
around the corners and edges, as discussed above. The
maximum separation was found to be 15/16 inch. Photo-
graphs A94 and A96 show the southeast corner and north
face, respectively. Photograph A%93 shows the inside
of truss connection at this bearing where accumulated
debris should be cleaned out.

Pier 2 Bearings

The bearings on Pier 2 are in excellent condition.

The west bearing is shown in the following photo-
graphs:

East face - AlQ2

South face ~ Al05

North face - Al04

In addition, photograph AlQl shows the 1~3/4 inch
extension bar added to the south face,

The following photographs show the east bearing:

West face - A98

South Face -~ A99 and AlOl
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North face <« Al0Q
The bearing pin nut on the west face is rusted
10%.

Pier 3 Bearings

Pier 3 supports four roller bearings, two for
Span 3, and two for Span 5, The condition cf these
bearings, with the exception of the anchor bblts, is
excellent,

The anchor bolts for the east bearing of Span
3 are in pocr condition, being loose, bent, and one
broken off. Photographs Al07 and Al09 show the west
face of this bearing, and they show that the south
bolt is bent 3-3/4 inches to the south, and that the
top 3 inches has brcken off., Both the north and south
bolts on this féce are loose. The east face is shown
in photeographs Al106 and Al108. On this face, it is
the north bolt that is loose (1/4 inch movement) and
bent 3~13/16 inches to the south. As shown in photo-
graph Al08, these bolts were bent by being frozen to
the slot and pulled back with the bearing. The cover
plate for the scuth face of this bearing was not

' removed as it 1s embedded in approximately 4 inches

of concrete, as shown in photograph All0.
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The west bearing for Span 3 is in very good con-
dition, The east face of this bearing is shown in
photographs All0 and All2, and the west face in photo-
graph Alll, The north anchor bolt on the west face
is bent 2 inches to the north, and the south bolt on
the east face has been bent approximately 4 inches to
the south, The anchor bolts on the east facé are loose,
but the ones on the west face are not. Photograph-

All3 shows the north face of this bearing prior to
cleaning and greasing.

Similar conditions were found for the bearings

70

for Span 5. Photographs All4 and All7 show, respectively,

the west face of the east bearing and the east face
of the west bearing. All four of the anchor bolts
shown are bent Z.to 2~1/2 inches to the south.. These
anchor bolts were still tight and all of the cover
plates, rollers, rivets, and connections were in good
condition,

Photographs Al1l5, All6, and All8 through Al20
shows the conditions at these bearings,

Pier 4 Bearings

All of the bearings on Pler 4 are in very good
condition., A few of the anchor bolts are slightly

bent, and all of the follers and plates are in good
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condition. Movement of the rollers was observed under
heavy traffic. Photograph Al22 shows some sandblast
material had been blown into the bearing, as a result
of the sandblasting of the gas main risers which was
being done at the time of the inspection. These bearings
were cleaned of this material after the inspection.
The photographs for Pier 4 are numbered from.A121 to
Al34,

Slight separation of the styrofoam from the pin
was noted in the bearings, as shown in photograph 2134,
indicating that they are rotating at the pins.

Pier 5 Bearings

At Pier 5, the two bearings for Span 5 are fixed,
and the two for Span 7 are rollers. The fixed bearings
are in very good condition. The west fixed bearing
is shown in photographs Al37 and Al38, and the east
bearing in photographs Al35 and Al36, One of the
anchor bolt nuts on the west face of the east bearing
is rusted approximately 25%, as shown in photograph
Al3s,

The roller bearings for Span 7 are in good con-

~dition, These bearings are shown in photographs Al39%

through Al48,
Photograph Al44 shows how grease is pumped into

the bearings.
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Pier 6 Bearings

All of the bearings on Pier 6 are in good condi-
tion, The bearings for S8pan 4 are fixed, and the ones
for Span 6 are rollers. Motion was observed in the
latter bearings. The bearings on this pier are shown
by the photographs numbered Al49 through AlS7.

North Abutment Bearings |

The bearings on both of the abutments are fixed.
All of these bearings are in gocd condition. The
west bearing at the north abutment is shown in photo-
graph Al60. The condition of the inside of the gusset
plates at this bearing is shown in photograph Aleél.
| The east bearing for this abutment is shown in
photographs al58 and'AlSQ. In addition, photograph

Al59 shows three‘of nine rivets rusted between 25% and

50%

South Abutment Bearings

The west bearing for this abutment is shown in
photographs Al64 and Al65, This bearing is in excel-
lent condition, with only surface rust noted.

The east bearing for this abutment is shown in
photogra?hs Al62 and Al63., This bearing is in good
condition also; f£ive of nine rivets on the west face

were rusted up to 25%.,
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: EVALUATION OF EXPANSION JOINTS

There are eight expansion joints on the deck of
the Bourne Bridge, where provisidn for movement was
provided in the design. The locations of these joints
and the lengths of spans contributing to expansion
at each are as follows:

Span Length Contributing

Location of Joint To Expansion
South Abutment 0 {Fixed bearings deflection
only)
Pier 5 240 feet
Pier 3 666 feet
Span 1 at Panel
Point 10 0 {At end of suspended span)
Span 1 at Panel
Point 10° 0 (At end of suspended span)
Pier 4 ' 1252 feet
Pier 6 208 feet
North Abutment 0 {(Fixed bearings deflection

only)

The roadway expansion jointé on this bridge were
rebuilt during the 1963 repairs, and the contract drawings
for these repairs (1156E-1-1, 10 sheets) rather than
the original design drawings must -be referred to for
defails of the existing joints. Photographs B147
through B162 show the condition of the curb plates

and the position of the joints at the time of the
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inspection. Photographs Blé3 through B170 show the
condition of the roadway plates, and photographs B171
through B177 indicate conditions at the underside of
the roadway joints.

Qur inspection indicates that the joints are
structurally in good condition. All of the joints
are functioning in the sense that they allow'for the
movements of the structures with the exception of
those at Panel Points 10 and 10'. The joints at 10
and 10' are frozen due to the rusted condition of the
steel below these joints. It is recommended that the
surfaces bétween the stringers and the brackets at
these locations be freed, and that the bolts which
connect the steel at the ends of the suspended spans
be replaced.

There are five main regquirements that must be
satisfied in the design of modern bridge expansion
joints. The order of importance of these requirements
varies depending upon the location of the bfidge.
They are listed as follows, in the order appropriate
for the Bourne Bridge:

l.‘ Provide for movements in the structure.

2. Provide watertight roadway surfaces.

3. Have acceptable rideability qualities.
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.4. Require minimal maintenance.
5, Keep noise to a minimal level,
The existing joints on the ﬁourne Bridge meet
requirements 1, 3, and 5. The problem then resolves
to a determination of the importance of the remaining
requirements, watertightness and low maintenance, and
whether or not the existing joints can be altered to
satisfy these requirements,
_____ Our inspection of the bridge clearly indicates
that the most significant and continuing deterioratioh
of the structural steel is a result of leakage through
the roagway joints. Various methods employed in the
past to halt this deterioration have not succeeded,
and the only solution appears to be in prevent;ng the
water from reacliing the Supporting steel. The main-
tenance problems associated with the existing joints
- includes, as the most significant items, repairs to
the structural steel. Repairs to the joints themselves
will be minimal. Methods of making the existing ﬁoints
waterproof or providing means for collecting the water
'floﬁing through them and conducting it to a péint
b where{it would not damage the strﬁcture were investigated.
Such systems would include splash plates, troughs,

and downspouts., This solution to the problem was
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discérded because the cost of installation and future
maintenance to keep it functioning would not be justi-
fied when compared with similar éosts for improved
types of joints which are now available.

The problem of deterioration on the bridge struc-
tures due to leakage through expansion joints is not
peculiar to the Bourne Bridge. This problem has con-
cerned bridge designers for many years, particularly
because of increased use of deicing chemicals on
highways.

- During the past decade, joints have been developed
which adequately meet the five requirements set forth.
These joints have been developed through the cooperation
of bridge designers and manufacturers throughout the
world., Two basic concepts of joints have evolved.

The modular preformed seals are composed of a number

(depending on amount of motion to be accommodated)
of fairly narrow compressible neoprene seals which
are precompressed between steel or aluminum separators.,
Steel bars spanning the joint width supports the steel

or aluminum separators. Joints accommodating limited

mounted between steel angles. The second type of

joint consists of a neoprene traffic plate (transflex)
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in which steel plates are embedded to span the opening.
The modular Joints are prefabricated and must be installed
properly to insure watertightnesé. The transflex éypes
are usually installed in four to six-foot wide sections
which are jointed with an adhesive sealant at their
ends. One advantage of the transflex type joints is
that it can, in the case of smaller openings, be installed
on existing structures directly over existing joint
hardware. We have noted this possibility on the sketches
of such joints. There is of course some loss of ride-
ability if this method of installation is chosen. We
have studied the two types of joints outlined above
for installation at each location on the Bourne Bridge.
Sketches were prepared for each type showing the road-
way section and the curbs and sidewalks. The putlines
of existing concrete and joint hardware are shown
out of function in the sketches. These sketches are
shown on Plates XXV, XXVI, XXvII of this report. A
comparison was made of the effectiveness of each type

" in pro%iding the desirable joint qualities.and com-
parative cost estimates is included. Because the
Bourne Bridge is a major traffic link, conslderation
was also given to the amount of interference with

traffic which would result from the installation of
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. each type, A tabulation of comparisons together with
our opinions on the relative merits Cf each type is
included in Table I. This tabulation was used as the
basis for our recommendations to follow.

After careful study of the details and methods
of installation for each of the new types of joints
and an evaluation of the existing joints, we recommend
that all joints on the Bourne Bridge be rebuilt with
the type recommended in Table I.

The cost of the joint was not considered to be
the deciding factor in the selection of type. The
estimated cost of the combination of joints recommended
is $154,000.- The cost of engineering design, super-
vision, and contract administration are not included
in the estimate,

The types recommended have been installed in
numerous new and existing bridges throughout the country
and have proven superior to other types. The simplicity
of detail and minimal interference with traffic during
installation offered by the transflex joint dictates
the selection of this type for larger joints. For
the smaller joilnts at the abutments and at Panel Points

10 and 10', we have selected the preformed seal type.
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rThe sketches showing the joints were prepared to
permit comparison and are not sufficiently detailed
to serve as construction drawingé. Such details as
reinforcing steel, anchors, hold down, and centering
devices have not been shown, as they would be common
to any joint detailed.

When the contract drawings and specifications are
prepared for rebuilding these joints, we suggest that
particular attention be given to the following items.

The rocadway waterproofing detail must be care-
fully worked out for the types of joints selected so
that leakage through the deck behind the joints will
noct occur,

Consideration should be given to any developments
that may occur in joint technology between now and
when the construction drawings are prepared. Many
improvements, especially for the modular type joints,
are currently being developed both in Europe and
domestically, These developments are periodically
presented before the AASHO Committee on Bridges and
Structures.

Cleaning and painting of the structural steel

below the joints should be done when they are rebuilt.
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TABLE I

COMPARISON OF JOINT TYPES

-~

At Abutments At Piers At Pier 3 At Pier 4 At Panel Points
Section AA 5& 6 Section CC Section DD 10 & 10!
Section BB Section EE
Preformed Trans-— Modular Trans- Modular Trans- Modular Trans- Preformed Trans-
Seals flex Seals flex Seals flex Seals flex Seals flex
Minimum Interference| X* X X X X*
with Traffic During
__Jnstallgtion
Better Rideability X X X X X
Lower Maintenance X X X X X
Cost
Lower Noise Level X X X X X
Material Cost Per $1,100 $ 3,100 | $ 7,500 $ 8,000 | $28,500 | $24,500| $42,000 | $43,300 | $1,200 $2,800
Joint
Installation Cost $5,900 $ 8,900 $ 9,000 $ 9,500 $10,500 $12,000| $10,500 1 $12,200 | $5,300 $6,700
Per Joint B .
Total Cost Per $7,000 $12,000 | $16,500 | $17,500 | $39,000 | $36,500| $52,500. $55,500 | $6,500 $9,500
Joint )
Joint Recommended § X X X X

Note:

*If overlay installation method is selected.

Both type of_jdints are equal in their ability

to provide for the anticipated movements in the
structure and in providing a watertight roadway

surface.
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SUMMARY OF RECOMMENDED REPAIRS

Following is a summation of repairs recommended
in this report, the priority of each, and an estimated
cost for making the repair. The priority rating sys-
tem used is as follows:

1. High-priority to insure safety and integrity
of structure, |

2, Repairs to correct deterioration that is not
currently significant and to reduce probabil-
ity of future deterioration and maintenance.

3. Repairs to minor items, improvements in appear-
ance of structure and routine maintenance
procedures.

The estimated costs of repairs is based on the

assumption that éll work in any one category is executed

at the same time,
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LOCAT ’GN_V o '””““ RECOMMERDED o ERIORITYR O COmERES ESTIMATE * | REFEREHCE LOCATION : | REFAIRY RECOMMENDED PRICRITY COMMENTS ESTIMATET,  REFERENGE LOCATION REPAIRS RECOMMENDED | PRIORITY /%E&%g@»ﬁs 4CQMMEMS . ESTIMATE"| REFERENGE

b SUPERS TRUCTURE GENCRAL CLEANIHG AND PAINTING OF STEEL 2 ) OR OF HAIH TRUSS MEMBERS $250.000 | . BRACING CONNECTIONS | SPAN 7 ; { ““““WWwﬁ

S FOR RECOMMENDATION. 33 L3E-L3W - REPLACE 9 MIDSPAN RIVETS 7 150 11 -8 LAMP SUPPORTS REPLACE ALL DETERIORATED ANCHOR NUTS ; 'a,BOLTs AT FBISW SHOULD BE REPLACED $1.500 62
o MAIN TRUSS MEMBERS | SPAN | T i LYE - REPLAGE 5 BOTTOM GUSSET RIVETS 2 159 1-8 ; R | -\h_}MMEnLAI&L¥-W. g A
.4 UIGE-L16F ~ REPAIR DETERICRATED LACING i i t, 500 40 SUSPENDED FLOOR ’ ACCESS LADDERS REPLACE DETERIORATED BRACKETS INSIDE ABUTMENTS 2 APPROX IMATELY 10 BRACKETS \ 500 65
o SPAN 2 g ‘ FBIIE-N - REPLACE 2 GUSSET RIVETS ! 30 42 AND OVER PERS 1 AND 2 E '
;i UB™W-U9'W - REPAIR DETERIORATED LACING 2 j ', 500 40 FBI{W-N - REPLACE 6 BOTTOM GUSSET RIVETS ' 60 42 PIER 6- TEGHTEN BOLT AT TOP OF LADDER 2 f 30 65
b : (7 1 I U VI - e —— e — .. ‘: —— _ _ — f\ ' 2 H
2 | BRACING CONNECTIONS | SPAN 2 1 FEIIW-N- REPLACE & TOP GUSSET RIVETS ; 169 K LIGW-U16W - REPAIR CAGE STRAPS 2 / 100 65
H O REP £TS ON AKGLE TO WIND BRACE " : 130 [t~ 1 FBI2E~-N~ REPLACE 2 BOTTOM GUSSET RIVETS 2 e -9 /

P LOW - REPLACL 3 RIVETS : . : ‘ L . (1-9 RALLINGS REPLACE PALINGS WiTH MORE THAN 50¢ SECTION LOSS 2 APPROXIMATELY %5 PALINGS / 1,000 6L

i . UO'E REPLACE 2 BOTTOM GUSSET RIVETS 7 120 Iy FBIGE~-N - REPLACE | BOTTOM GUSSET RIVET 2 f10 /

- EPLACE 2 SE ; ) ‘ : REPLACE % RIVETS AT RAILING POST AT FBUE, SPAN 6 2 / 100 64
S PTE-S-REPLACE 5 0P GUSSET RIVETS ‘ 150 12 BRACING MEMBERS SPAN | ‘ REPLACE ALL BOLTS WHERE RATLING IS ATTACHED TO TRUSS 2 / 500 84
! i : UE F-S-REPLACE 11 BOTTOM GUSSET RIVETS ! 210 42 UGTW-UI0'E - REPLACE DETERIORATED RIVETS AND LACING 2 E b BQD - 10 SPAN 7E, THIRD POST FROM FB7, TIGHTEN LOCKNUTS 2 E 20 &Y

| U2'E-N-REPLACE 2 GUSSET RIVETS 2 120 4 BRACING UNDER FEIO AND FBIO' - REPLACE RIVETS 2 EXTENT OF REPAIR TO BE DETERMINED AFTER |  2.000 ik : =

| . U7 F=S~-REPLACE 5 BOTTOM GUSSET RIVETS 1 180 4t AND LACING BLAST CLEANING ; ‘ TRUSS BEARINGS PRESSURE GROUT LOOQSE ANCHOR BOLTS 2 EOG 66

S U21F-S-REPLACE 3 TOP GUSSET RiVETS 2 130 4] i g _— PIER 3, EAST BEARING FOR SPAN3, STRAIGHTEN SW ANCHOR 2 7 200 66

o L3V E-REPLACE 3 TOP GUSSET RIVETS ) ; 130 ey ENDS OF SUSPENDEQ SPAN - REPLACE MISSING BOLTS IN 2 | QOui BOLT | 7

5 U3'E-S-REPLACE 7 TOP GUSSET RIVETS 1 170 fl-u | SLOTTED HOLES £7 WIND CHORD = PIER |~ CLEAN OUT INSIDE OF GUSSET PLATES ., 2 . 100 68

; o BEATE-REPAIR TOP GUSSET PLATE a i,000 42 FBi5'E- SANDBLAST, INSPECT AND PAINT PLATES IN 1 2400 ug L— —
; ! ; SUBSTRUCTURE )
: ¥ USE-S-REPAIR BOTTON GUSSEI PLATE b ; 1,000, ul VICINITY OF CAELE HANGER COMNECTOR PIER CAPS AND GROUT CRACKS ON TOP OF PYLONS | REPAIR SIMILAR TO 1969 REPAIRS 1,500 22
UL E-S~REPLACE 13 TOP GUSSET RIVETS I 230 ui i i R ’
. ‘ Ui E~S-REPLACE 5 SIDE GUSSET RIVETS b 50 41 SIDEWALK AND ; , BEARING SEATS . :
g U4 E~S-REPLACE U BOTTOM GUSSET RIVETS L ' INCLUDED IN CURB SUPPORTS e s on CHANNEL NUTS LISTED IN THE SUMMARY f APPROXIMATELY 15 TO BE REPLACED i B NORTH ABUTMENT REPLACE COMPRESSION SEAL IN DECK JOINT - 2 E 500 24
1 PLATE REPAIR| 4y | SOUTH ABUTMENT INSTALL SPLASH PLATE UNDER WEST CURB ROADWAY SCUPPER 2 ' 300 26
CUYTE-N-REPLACE U TOP GUSSET RIVETS 0 ' 140 4 SEAN 2 CHANNEL P1ERS |
‘ ; L7 "W-REPLACE © TOP GUSSET RIVETS 7 120 ) TFBOTE- SEAL GAP BETWEEN FBO' AND CURBSIDE PLATE 2 200 47 R
ANLTE PATCH ERODED MORTAR : 2 : 750 27

; § L8'W-REFLACE 2 TOP GUSSET RIVETS 2 120 -3 TO 370° LnAKAG; oR ¢ : K

| SPAN 3 : BAY 0"~ 11— REPAIR HEAYILY RUSTED SIDEWALK ANGLE 9 N 200 - . PIER 4 | nggﬁ giigzga AREAS ON. SOUTH FAGE OF EAST AND ; EQiLGQZng ziISTnésoég LMMED | ATE 500 33

(] UOE-N-REPLACE 17 TOP GUSSET RIVETS 2 270 -3 FLOORBEAMS : AT CATWALKS UNDER EXPANSION DAMS - REMOVE GRAT!NG 2 APPROXIMATELY 50 TO BE REPLACED 2.000 49 e , ‘ ‘ : -

1 UOE-N-REPLACE 17 BOTTOM GUSSET RIVETS 2 276 -5 . AND SANDBLAST. INSPECT. REPAIR AND PAINT FLANGES EXPANSION JOINTS REPLACE ALL JOINTS WITH WATERTGHT SEALS ; l : $154,000
i UIE-N<REPLACE | BOTTOM GUSSET RIVET 2 1o 4z o ) _ : / TOTAL $ui5
- : ; 250
Pl UIE-N-REPLACE 2 TOP GUSSET RIVETS . 20 42 REPLACE IN SPAN 2 | 7 PPaTwe :
i LOE-REPLACE 2 TOP GUSSET RIVETS 2 120 (-6 2 RIVETS EAST END FB3! : | : | ; $65,750
! L2E-REPLACE 2 BOTTOM GUSSET RIVETS 2 1 20 i1-6 |2 RIVETS EAST END FBU! | : ‘ J TOTAL ESTIMATED CONSTRUCTON
U2E-N-REPLACE 5 BOTTOM GUSSET RIVETS I 150 I1-6 6 RIVETS EAST END FBS! 2 600 o _ / COST OF REPAIRS $506. 000
i U2E-N-REPLACE 8 TOP GUSSET RIVETS [ 180 fl=8 REPAIR FB STIFFENERS AT STRINGERS | AND 9 INSIDE ! APPROXIMATELY 20 Y0 BE REPAIRED 2. 500 51 ADD LT 1ONAL PERIODIC SUBSTRUCTURE T !
; USE-5-REPLACE 3 BOTTOM EUSSET RIVETS 2 H30 -8 EXPANSION JOINTS : INSPECT IONS AND PERIODICALLY INSPECT CONDITION OF CRACKS IN PIERS 3 2 "
_ ggE_:wisii?:EBS?Tg;P982§§$TP3A¥§TS : 338 4 SPAN 4 MA ENTENANCE AND ABUTMENTS. PERIODICALLY INSPECT CONDITION OF !
. _— -N- Y i ; —
f . : ‘ REPLACE- 5 RIVETS EAST E 2 2 5 RECOMMENDED PARAPETS AND WINGWALLS FOR AL3GAMENT - 'y
i erAAI4YE=N-REPATR BOTTOM GUSSET PLATE ! 1,000 1) EAST END F8 o b /h,§w¢A% s zigﬁgkf? 7R
- UYE-N-REPLACE 15 TOP GUSSET RIVETS | 250 4 STRINGERS STRINGER 3- SPAN - SUPERSTRUCTURE p
ULE-N-REPLACE 5 BOTTOM GUSSET RIVETS | INCLUDED IN REMOVE CABLES ATTACHED T0 STRINGER 2 _ _ 200 54 MATNTAIN INTEGRITY OF DECK WATERPROOF ING OVER ENTIRE o gﬁkii,f¢WM%% /;Z%Z},;e pld o Pl 36
3 PLATE REPAIEl 11 REPLACE BOLTS (K SLOTTED HOLES AT SRACKETS FBI0 2 3,003 63 LENGTH OF BRIDGE. INCLUDING SEALING OF CRACKS IN ey 7
h L~ LBE-REPAIR TOP GUSSET PLATE | 000 47 AND FBIO' AND FREE EMDS OF STRINGERS ‘ PAVEMENT 70 MINIMIZE MIGRATING WATER. FOR STRINGERS Lo %ag e, 4%”“ -
_f=-L6E-REPAIR TOP GUSSET PLATE ! ‘ | 1,000 4z UNDERDECK GONCRETE | SPAN | ; IN SPANS 4 AND 6. NO FURTHER LEAKAGE CAN BE ALLOWED e /ifﬁ@ﬁ%
| UBE-N-REPLACE 9 GUSSET RIVETS t ‘ 9o | 117 BAY i4'-157- PATCH 2 SQ.FT. AREA BETWEEN STY AND 5 200 57 TO STRENGERS | AND 8. . ¢ Hrw
| SPAN 5 : : FREQUENT CLEANING MAINTENANCE OF THE PAINT SYSTEM ON 3 47
BAY 7-8~ STRINGER 5- REPAIR WATERPROOFING NEAR FBS ! 500 58 ' HORIZONTAL CONNECTION PLATES |
| § ‘ PER10DIC INSPECTIONS OF VERTICAL SWAY BRACING FOR 3 4y
§ ; SIGNS OF FATIGUE IN CENTER CONNECTION
§ _ - PERIODICALLY {NSPECT FLOORBEAM HAUNCHES UNDER DECK 3 57
: f; | ; FOR SPALLED CONCRETE AND REMOVE LOOSE PIECES
! | | - ;
L " : : : .
i _ _ 5 . 1 BOURNE BRINGE
oo > ! ' : ' 3
o . . : : : | 1971 CONDITION REPORT
Ty v ; | SUMMARY (OF RETOMMENDEL REPAIRS
} e £ w : ) ;
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COMPARISON OF CONDITION VS. SAGAMORE BRIDGE

Because the center three spans of the Bourne
Bridge are identical to the Sagamore Bridge and were
constructed at the same time, it was felt that a com-
parison of the condition of the two bridges would be

helpful, The comparison indicates that the structures

83

have suffered thewfizﬁ_zzggg_gﬁ4deterioratioh to approx-

imately the same general degree due to the same causative

factors.
Our insgpection of both structures indicates the
major concern is the leakage of water through the

=
roadway joints, Both structures have had major reno-
-—.-_-___-‘—‘—'—'—-—-—-—‘

vation work done within the last ten years. The fol-
lowing are specific comparisons made regarding the
two structures.

The roadway joints con the Bourne Bridge were
repaired as part of its 1963 renovation and as a re-
sult, are structurally in better conditien than those
on the Sagamore Bridge. It should also be noted in
this regard that the open saw tooth type joints,.which
replaced the joints at panel points 10 and 10' in
Span 1 of the Bourne Bridge, allow quicker drying of
the water which falls through the_steel beneath, than
the closed sliding detail remaining on the Sagamore

Bridge.
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The supporting steel under thewﬁédewalkwggd,curb
at the Bourne Bridge is in significantly better con-
dition than that at the Sagamore-Bridge. This is

because a superior waterproofing detail was used on
e T s

PRI

,___W
the Bourne Bridge at the junction of the granite curb

and the sidewalk. In 19269, the 31dewalk and curb of the

w“'

Sagamore Bridge were waterprggfgdﬂgpd further deter1~
oration of the 51de;;I;msuppbrts arrested. The_paint
on the Sagamore Brldge appeared to be in better con-
dition than that on the Bod;peﬂﬁg}dge. This observa-
tion allows for the difference in time since the last
painting of each structure and applies primarily to
the presence of scale under the surface paint.

The underdeck concrete, truss braclng, and truss
’___...—...-u——-n'

brac1pg connectlons appear to be in better condltlon

at the Sagamore Bridge.

' The substructure of both bridges is in comparative
conditicn, both having had surface cracks grouted as

.~ part of the 1969 structural repair contract. As a

detailed inspection of the Sagamore Bridge substructure
was not included in our 196% inspection, it was not
noted whether the cracking at the top Qf the pier pylons
found at the Bourne Bridge also exists at the Sagamore
Bridge. It is recommended that the top of the Sagamore
Bridge piers be inspected for this cracking and if found,

they be repaired as recommended for the Bourne Bridge.
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A comparison of the vibration measurements made
for the Sagamore Bridge and those made for Spans 1,
2, and 3, of the Bourne Bridge indicate similar vibration

characteristics at the frequencies studied.
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PROFILE SURVEY

During the course of the investigation a profile survey
was run along the top of the granite curbing on the west side
of the bridge. Elevations were read at each panel point and
the dimension from the top of curb to roadway surface was
recorded. From this information a theoretical profile at
the centerline of roadway was computed from the curb profile
and the known cross slope of the deck. The necessity of
interrupting traffic was eliminated by this procedure, and
the resulting profile will make a more‘permanent reference
profile for future inspections since the roadway is repaved
periodically. These profiles and the original design profile
are shown on Plate XXIV.

The present theoretical centerline profile is a maximum
of 3.5" higher than the original design profile at the center
of Span 1, and about 3" lower at Piers 3 and 4. Of the re-
maining areas of the roadway, the theoretical profile was
within approximately 1" of the original design profile.

The differences noted can be attributed to changes in

pavement thickness, temperature, and jacking of the bearings
during construction required by construction procedure, No
records of an as-built profile were found, and the differences
are within the expected tolerances for this type of construc-
tion.

Othér survey data taken during the inspection which may

be useful for future reference is listed below:
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CABLE OFFSETS

West Side ‘ East Side
Offset of Bottom Offset of Bottom
of Member from of Member from

Point Top, in Feet Point - Top, in Feet
11s g .04 11s S .040
11N S .04 11N s .030
125 s .04 128 s .035
12N s .035 12N s .040
138 S .030 13s S .035
13N s .025 13N 5 .035
14s S .030 i4s s .010
14N S .020 14N .00
158 S8 .025 158 N .005
15N s .025 15N N .005
168 S .045 168 N .020
16N 8 .050 16N N .015
15's N .010 15's N .030
15'N g .015 15'N N .040
14's s .030 14's N .040
14'N s .030 14'N N .040
13's s .020 13's N .040
13'N s .020 13™N N .035
12's .00 12's N .050,
12'N s .005 - 12'y N .045
11's N .015 i1's N .040
11'N N .015 11'N N .040

-
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DEFLECTIONS AT MIDDLE POINTS OF SPANS

Deflections in Feet

Span

No. No Traffic Light Medium Heavy
1 0 0.015 0.03 0.08*
2 0 0.01 ¢.03

3 0 0.01 0.03

4 0 0.01 0.03

5 0 0.01 0.01

6 0 0.00 0.02

7 0 0.00 0.015

*Heavily loaded trailer

‘ TRUSS VERTICALS

Offset of Top

Span and of Member from Span and
Point Bottom, in Feet Point
7-E0 N .02 7-WO0 .
7-E8 S .02 7-W8
>-E0 N .015 5-W0
5-E8 S .06 S5-W8
3-E0 N .07 3-WO0
3-E9 N .011 3-W9
2=E9"! s .19 2-W9'!
2-E0° S .065 2-Wo'
4-E0 N .065 4-WO0
4-E8 S .01 4-W8
6-EO0 N .04 6-WO0
6-E8 S .005 6-W8
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Offset of Top
of Member from

Bottom,

in Feet

2 z2uonzZ2nZ 2=

.04
.01
. 045
.06
.10
.16
.16
075
.09
.00
. 045
.00
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TRAFFIC DATA AND LOADING ANALYSIS

Introduction

Available traffic survey data has been analyzea
and evaluated to establish a basis for comparing actual,
or predicted, live loads with the design live loads that
are part of the design criteria for the project..
Traffic survefs have been performed periodically
by the Massachusetts Department of Public Works, Traffic
Planning Section. Two-way, hourly, unclassified vehicle
counts were conducted at Station 707, the Bourne Bridge,
during a minimum of seven days of each month during 1969

and 1970. Summaries of the data obtained in this survey

89

define the hourly, daily, and monthly variations in traffic
volumes at this station. Several characteristics cf bridge
traffic are revealed by these data and summaries.. Summer
season volumes greatly gxceed those of other seasons.

The peak 24-hour summer traffic volume is approximately

1.8 times the annual average daily traffic volume. Saturdays
exhibited the highest volumes, followed by Fridays and

Wednesdays as shown in the following table.
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TABLE 1
BOURNE BRIDGE
24«~Hour Traffic Volumes
Two-Way Totals

Day of Week (by order of magnitude)

Saturday Friday Wednesday
Annual Average Volume 18,500. vpd - 16,750 vpd 13,750 vpd
Summer Average Volume* 31,200 26,400 21,600
Peak Volume 33,350 30,620 25,370
(in July) (in July) (in August)

*Summer was defined as June through August

Source: Massachusetts Department of Public Works, 1969 and
1970 Traffic Counts

Vehicle Classification Distribution

No vehicle classification counts were available for
traffic crossing the Bourne Bridge. A reasonable estimate
cf vehicle-type distfibution may be cobtained by analyzing
the classification counts taken at the Sagamore Bridge, a
facility with similar traffic characteristics, This
analysis leads to the following percentages of each type

" of vehicle which may be expected in a typical queue.

Unclassified (Passenger, Light Commercial) 84%
Single Unit Trucks {(Two and three axle) 11%

Tractor Semi-Trailer Units (Three to five
axles) : 4%

Buses i 13
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Peak Loading

The objective of correlating vehicle classification
information with vehicle counts is to establish a probable
maximum truck density in a traffic stream stalled on the
bridge. This is not a conventicnal measure. Therefore,

a procedure was formulated. The following general assump-
tions are based on analysis of collected data and informa-
tion, observation of specific site characteristics, and
application of common knowledge and traffic engineering
principles.

1. The maximum live loading must occur when

traffic is halted at a time when truck
density is maximumn,

2. The maximum truck density will occur during
a non-summer month. March is considered
representative.

3. Maximum truck density is represented conserva-
tively by applying average maximum hourly truck
counts to average corresponding hourly wvehicle
count at the bridge during selected weekdays in
March.

4. In the absence of specific information on
directional splits, the use of an even split
is conservative in the determination cf truck
density. Similarly, applying the same truck
values to each direction of travel on the bridge
is conservative.

Peak Loading Analysis

In order to determine the effect of a peak load
(traffic halted) on the structure, we have assumed the
vehicle distribution above and computed the equivalent

uniform lane load on the following basis:
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Type Average Weight Lane Length % of Total
Vehicle Lbs. Occupied (feet) Volume

Passenger and Light

Commercial 4,000 . 25 84

Single Unit Trucks and

Buses _
One-half 30,000 35 12
One-half 40,000 35

Tractor - Semi~Trailer

Units
One~half 54,000 50
One-half 72,000 50 4

Calculation of Equivalent Uniform Lane Load

Assume 2000 feet of loaded lane, x = No. Vehicles in
2000' of lane

.84 x (25') + .12 x (35') + .04 x (50) = 2000' (Assumed)
X = 74 vehicles in 2000' of lane

.84(74) = 62 Passenger Vehicles @ 4,000#% = 248,000%
.12(74) = 9 Single unit trucks & Busses @ 35,000% = 315,000#%
.04(74) = 3 Tractor-Semi-Trailer Units @ 63,000#% =

189,000%
- 752,000#
Equivalent Uniform Lane Load = 752,000#
2,000" = 376#/1lin. ft. in one lane
Because a continuous queue of traffic was assumed
in computing the equivalent uniform lane load of 376

pounds per linear foot, only a more unfavorable vehicle

type distribution could cause an increased load.

With the original structure design value of 525 pounds per
W -+ -~

et b o e

linear foot per lane (plus concentrated loads), the structure

s ebiulichall
can support in excess of 140 per cent of the computed load
[, — ety
without exceeding design stresses. Therefore, no foreseeable,
) . M

change in traffic pattern should cause an overstress in the

main truss members which are proportioned for lane loading.,

e e
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LOADING AND STRESS REVIEW

Loading - Dead Load

The renovation of the deck, carried out in 1963,
resulted in a slight increase of dead load on the
structure. The Haydite concrete was removed between
stringers 1 and 2 and between stringers 8 and 9 along
the length of the bridge. Steél buckle plates were
added between these stringers. The new lightweight
concrete deck between these stringers has approximately
10% greater average thickness than that of the original
structure. In addition, granite curbs were added at the
sidewalk and safety curbs. These changes have been shown
on plate XV,

Loading - Live Load

The Bourne Bridge was designed substantially in
accordance with the H20 live loading of the "Standard
Specifications for Highway Bridges and Incidental Struc-
tures" adopted by the American Association of State High-
way Officials in 1931. The current design criteria for
live loading for this structure would be the HS20 loading,
described in the "Standard Specifications for Highway Bridges"
adopted by the American Association of State Highway Officials,
Tenth Edition, 1969, A summary cf the loadings is given on

the following pages.
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l. Lane Loading (for design of main truss members)

The difference in the specified lane loading

between the 1931 and 1969 specifications is that the

width of the design lane is nine feet in the 1931 speci-

fication and ten feet in the 1969 specification. The

Specifications also have different reduction factors for

simultaneous loading of more than two lanes.

loading, modified by the applicable reduction factor for

four lanes loaded, are presented graphiéally below -

(14,800# for Moment

Concentrated Loads

(21,4004 for Shear

525%#/LF

{9' Lane Width)
1931 AASHO

The lane lg¥9~
3, *

K
Y,
(13,500¢%# fwé Moment

(19,500%/for Shear

T80%/LF

{10' Lane Width)
1969 AASHO

2. Truck Loading (for design of Stringers, Floorbeams ,

Cables, and Secondary Truss Members)

1931 Specification -« One 20 Ton Truck Followed by
15 Ton Truck '

one

q° 16 3% i

= d 1
0

g% T 3K (AN

—_ ] - 1

| oL 3d (e

¥ T | s

Distribution Factor for Stringer Design
Simple Beam Distribution

Fascia Stringers
Interior Stringers

s/4.5 s

Stringer spacing
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P “_J\\{,ﬁ\\\\

1969 Specification - One 36 Ton Tractor and
‘ Semi~Trailer Combination

' [ 'O' P |

16" T l |

[ ! I

‘ |
- |

Y l |

4x 16" 6X ‘ -
. P4-MIN. [ l k

B {4 T 30-mMax. | TS AN

1 'T' hl \

Distribution Factor for Stringer Design
D.F = 8S/5.5 S = Stringer spacing

Alternate load for 1969 Specification
Military load used in the Design
of Interstate Highways

(Governs Desxgn of Stringers
with Spans between 11 feet and 37 feet. )

1]
JZK IZK V ﬂ
- d | ‘
Direction of "9 | |
Traffic © [ |
12 IZK | SRS
O ., 1 1

ot BT
)

R
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3. Impact Loading (As a percent increase in Live Load)

1931

1965

4,  Sidewalk Live Loading

I = 50
I+125
I = 50
L+125
I, =

Maximum of 30 per cent

maximum stress

1931

1969

—————

~ 100%#/SF For design

45%#/SF Porxr design

~ 85#/SF For design
30%#/SF For design

Loading - Wind Load

1931 wWind on
Wind on

1969 Wind on
Wind on
. Beams

Wind on

Structure
Live Load

Trusses

Girders and

Live Load

45%/SF
2004%/LF

75#/SF

50%/8F
100#/LF

of
of

of
of

On

Length of span loaded to produce

s S

immediate supports
truss members

immediate supports
truss members

area seen in Elev,
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Stress Review

1. Allowable

Stresses

The following modifications to the allowable stresses

given in the 1931 AASHO are included in the original con-

tract specifications.,

"Paragraph 305, Unit Stresses = Unit Stresses for

Carbon Steel are those specified 'for dead load',

97

Section 4 of Division V of the Standard Specifications,

with a further limitation that the unit stresses re-

sulting from the application of the live loads, com-

bined with dead loads and impact, are in no case in

excess of
'for dead

"For
given for
by twelve

“For

three-fourths of the allowable unit stress
load'.

lateral forces the allowable unit stresses
'live load and lateral forces' are increased
and one-half per cent.

Silicon Steel, unit stresses are increased

35 per cent over those for Carbon Steel."

A copy of the allowable stresses given in the 1931

AASHO specification, expanded to include the above mentioned

modifications, is included in Table 1 on the following page.



TABLE I

C Sﬁl-?C
[ﬁi i’”"“““mFor live load
= a :
and lateral
forces
Tension: o4 24 Z SR 5 T
Axial tension,structural members, net sectlon....;. ? 16,000
Bolts, area at root of thread..... O P i 10,000
Axial compression: Lo
Axial compression, gross sectiom......... ....;...3 ¢ 16,000
- 1+ '131500(L/r5
but not to exceed the value for IL/r = 40 . ?
L= length of the member, in inches
r= least radius -of gyration of the member in inches
Compression splice material, gross sectlon - 16,000
Bending on extreme fiber:
Compression in flanges of beams and plate girders, . 16,000
‘ 1+ (L/b)2
L= length in inches of the unsupported flange 2,000
between lateral connections or knee braces
b= flange width, in inches ‘
Tension in rolled shapes, built sections and
girders, net sections........... e et e e 16,000
Pins................ chaaes et et bes et e ‘e 24,000
Diagonal tension:
In webs of girders and rolled beams, at sections
where maximum shear and bending occur similtaneously 16,000
Shear: .
Girder webs, gross section..... e iaea s . 10,000
Pins and shop driven rivets........c.iveennennnnens 12,000
Power driven field rivets and turned bolts,........ 10,000
Hand driven rivets and unfinished bolts............ 8,000
Bearing:
Pins,steel parts in contact and shop'driven rivets. 24,000
Power driven field rivets and turned bolts......... 20,000
Hand driven rivets and unfinished bolts............ 16,000
Expansion rollers, pounds per linear inch.......... 600d

d = diameter of roller in inches

' ALLOWABLE STRESSES 1931 AASHO

5.4.2,8tructural Grade and Rive’l:ut

Steel (1931 Edition)

2

For dead load

24,000
15,000

24 000
* 13 500(L/r)

24,000

24,000

1+

37000

24,000
36,000

24,000

15,000
18,000
15,000
12,000

36,000

30,000

24,000
900d

(L/b)2

ALLOWABLE STRESSES AS MODIFIED
BY CONTRACT SPECIFICATIONS

CARBON STEEL

" For dead+live+
¢ impact and for

glateral forces

18,000
11,250

18,000

T
* 13,500

18,000

18,000

1+

2,000

18,000
27,000

18,0600

11,250
13,500
11,250

9,000

27,000

22,500

18,000
675d

(L/r)2

(L/b)2

SILICON STEEL
For dead+live+
impact and for
lateral forces

24,300
15,200

24,300

1+

i3, 500(L/r)

24,300

24,300
1+ (L/b)

1
2,000

24,300
36,500

24,300

15,200
18,250
15,200
12,150

36,500

30,400

24,300
910d

86
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2. Dead and Live Load Stresses

The change in dead load which has occurred since
the bridge was constructed, in addition to the specifi-
cation changes in live and wind loading stated previously,
required that the loads and stresses in various members
be computed and compared with the specified allowables.
See Table_;l, following, for the summary of the fesults
of the stfess comparison. )

>

As shown in Table II, the stresses in the floor
stringers are still below allowable levels, in spite
of the increase iﬁ dead load and presently specified
live lecads they carry.

The floorbeams in Span 5 show a three per cent
overstress. This overstress is insignificant and no
-strengthening of thé floorbeams 1is required. Floorbeans
in the remaining spans are stressed to approximately 95
per cent of the allowable stress. The stress in floor-
beams in Spans 1, 2, and 3 does not exceed the allowable
stress as reported in the 1969 Condition Report of the
Sagamore Bridge. This is due to the use of light weight
concrete in the 1963 repairs of the deck of the Bourne

Bridge; while in the repairs to the deck of the Sagamore

Bridge normal weight concrete was used.
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TABLE TII
STRESS REVIEW

-

DEAD LIVE YIELD
STRINGER NO. 8 LOAD LOAD IMPACT D+LA+T ALLOWABLE D+2(LL+I) ALLOWABLE STRENGTH
SPANS 1, 2, & 3 ‘
(1931 6,000 9,800 2,850 . 18,650  -24,300 31,300 .- 32,400 45,000
(1969 6,780 10,900 3,200 20,880 24,300 | ‘
SPANS 4 & 7 (1931 3,280 7,500 2,200 12,980 18,000 22,680 24,000 33,000
(1969 3,710 7,800 2,300 13,810 18,000
SPAN 5 - (1931 3,580 7,200 2,100 12,880 18,000 22,180 24,000 33,000
(1969 4,040 7,500 2,200 13,740 18,000
SPAN 6 - (1931 2,840 7,250 2,200 12,290 18,000 21,740 24,000 33,000

(1969 3,210 7,600 2,300 13,110 18,000

00T



TYPICAL FLOORBEAM

SPANS 1, 2, & 3

-Web Shear
Flange Bending

SPANS 4 & 7

Web Shear
Flange Bending

SPAN 5

Web Shear
Flange Bending

SPAN 6

Web Shear

Flange Bending

(1931
(1969

(1931
(1969

(1931
(1969

(1931
(1969

(1931
(1969

(1931

(1969

(1931
{1969

(1931
(1969

DEAD
LOAD

5,450
5,950

11,600
11,600

3,400
3,560

10,100
10,100

3,850
4,020

11,150
11,150

3,570
3,740

10,150
10,150

LIVE
LOAD

2,190
3,300

7,500
10,000

2,550
3,460

7,500
10,500

2,670
3,510

7,950
10,800

2,890
3,690

8,160
10,500

IMPACT

510
790

1,770
2,400

690
960

2,000
2,940

690
980

2,050
3,050

820
1,050

2,290
2,980

TABLE II (CONT'D)
STRESS REVIEW

D+IA4I

‘8,150
10,040

20,870
24,000

6,640
7.980

19,600
23,540

7,210
8,510

21,150

25,000

7,280
8,480

20,600
23,630

ALLOWABLE D+2{LL+I) ALLOWABLE

11,250
11,000

24,300
24,300

11,250
11,000

24,300
24,300

11,250
11,000

24,300

24,300

11,250
11,000

24,300
24,300

——

10,850

30,140

9,880

29,100

10,570

31,150

1c,9%0

31,050

——

15,000

32,400

15,000

32,400

15,000

32,400

15,000

32,400

YIELD

STRENGTH

33,000

45,000

33,000

45,000

33,000

45,000

33,000

45,000

T0T



Fav, SPOFFORD & THORNDIKE, INC. . 102

EngineERS
Bostan, Mass.

The increase in load on the hanger cables as a

‘result of the current dead, live, and impact loads,

has decreased the original.factor of safety, based on

the yield strength of the material, from 2.45 to 2.15.

This reduction of approximately 12 per cent still leaves

an adequate factor of safety and should not cause concern.
Truss members are subject to an increase in dead load

of approximately 3 per cent as a result of the 1963 deck

repairs, Current governing live locad on the truss is

the HS20 lane loading which is approximately 10 per cent

less than the lane load used in the original design, The

net effect of an increase in dead load and a specification

decrease in live load is a combined load slightly less

(3 per cent) or egual te that used in the original design.

The difference being in the ratio of dead to live load for

any particular member. The results of the traffic studies
indicate that the current computed lane loading is con-

siderably less than the design lane loadings compared above.
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3. Wind Stresses

Members carrying wind loads were investigated due to
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the difference between the 1931 and 1969 design wind loading

specified.

The current combined loading of wind on live load and

wind on structure for the design of the suspended floor
bracing in Span 1 is less than that specified in. the 1931
specifications. The suspended floor bracing is therefore
adequate for the currently specified loads. |

The 1969 AASHO specified loading for the design of
the truss bracing and portals is greater than that speci-
fied in 1931. The increase in specified wind load on
structure is 66 per cent for Span 1 and approximately
35 per cent for combined wind on structure and wind on
live load in the remaining spans. The difference in
increase being that in Span 1, the wind on live ldad is
carried by the suspended floor bracing. Since the wind
on live lcad specified in 1969 is only 50 per cent of that
specified in 1931, the combination of these two forces in
Spang 2 through 7 produces less of an increase in wind
stress than in Span 1 in which the truss bracing members
carry wind on structure only. The allowable stresses

specified for lateral loads provides a factor of safety
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of 1.83 based on the yield strength of the material. For
bracing members that may be stressed right up to the ori-
ginal allowable limit, an increase in load of 66 per cent
would cause a decrease in factor of safety to 1.1 and an

increase in load of 35 per cent would cause a decrease in
factor of safety to 1.35.

Considering that the structure has withstood several
hurricanes without distress, and that the current maximum
design wind loading is conservative, the strengthening of
the wind bracing woﬁld be a conservative, but not a neces-
sary procedure. As pointed out previously, the need for
maintaining the wind bracing in "like new” condition is
imperative. During future inspections, particular atten-
tion should be paid to the condition of these members.,

The increase wind locading does not cause stresses

above allowables in the truss members, as the wind lcading
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is not a large portion of the total stress in these members

and because, currently, a 25 per cent increase in stress

is permissible when wind load is combined with dead load.
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VIBRATION MEASUREMENTS

Significant vibrations of the structure, at different locations along
the roadway deck, were measured instrumentally under loading of heavy
truck traffic, Seismographic measurements were made by Weston Geo-
physical Research, Inc., of Weston, Massachusetts, under the direction
of Dr. F. Thomas Turcotie. A report of the data obtained from the vi-
bration siudy i; included as Appendix V of this reporf.

The largest amplitude of traffic induced vibration mea_sured was

0.49 inches at a frequency of 0.11 cycles per second. This low fre-

quency was observed only on Span 5,  The transmission of vibration

irom one span to the next indicates a more rigid contact between spans

on the north end of Span 1 than at the south end. There was no evidence
of any sympathetic pericdic vibrations being built up at any point in the

structure as a result of live loads. The live load deflections measured

by survey instruments are included in the Prefile Survey section of this

report.
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APPENDIX I

1971 CONDITION REPORT
BOURNE HIGHWAY BRIDGE

PHOTOGRAPHS

(Two Books Under Separate Cover)
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APPENDIX II

SUMMARY OF SUPERSTRUCTURE INSPECTION NOTES

1971 CONDITION REPORT
BOURNE HIGHWAY BRIDGE



Member

SPAN 1
L10'E-LI11'E
L14'E-U15'E
L16'W-U15'W
Ul5E-L16E
LIO'E-LI11'E

SPAN 2
Ug'w-us'w
L' E-UTE
L8'E- L7E
IS'E-UTE
I3 E-UYE
US'E-I4'E
L3'E-1L2'E
IL2VE-U1'E
LOW-UO'W
LOE-UME
Jacking Beam@0'
LO'E-%O'E

SPAN 3
LIW-UTW
L4AW-U4W

—
_—

TRUSS MEMBERS

Affected Part

Lacing

Outside Face
Lacing

Lacing:

Inside L10'E Conn,

Lacing Near U9'W
Lacing

Lacing

40% of Lacing

Top Gusset
Lacing

Lacing

Lacing Rivets
Full Length

At Jacking Beam

Rivets E, End
Inside of Member

Top East Face
Improper Cleaning
of Member

% Loss
of Material

Surface Rust
Surface Rust

Mod. Rust

Heavy Rust to 100%
100 Sq. In. 1/4"
Deep Rust

Rusting to 50%
Surface Rust
Surface Rust
Mod, Rust
Mod. Rust
Rust to 25%
Mod. Rust
12-25%

Mod. Rust

4 Rivets 25%

6 Rivets 25%
Moderate Rusting

Surface Rust

Field Book

Photograph
Reference

Reference

IB-23R
IB-25R
IB-26L
IB-26R

IB-41L

IC-14L
IC-14R
IC-14R
IC-15L
1IC-15R

iC-16L
IC-17R
IC-18L
IC-18R

IC-20R

IC-20R
IC-27R

IB-10R

IA-52L

B3

B7

Bl

B8

B13

IT

!



Member

SPAN 4
IL8E-USE
LiwW-LOW
UlW-LOW
US5W-U6W
UBE-UTE

SPAN 5
LOW-U0W

SPAN 6
UTE-L6E
UTE-UGE
L7E-I16E
LiwW-LOW

SPAN 7
U3W-L4W
USW-L6W
UTW-L8W
L8W-UsSW

TRUSS MEMBERS

Affected Part

Full Length
Full Length
Full Length
Full Length
Full Length

Paint

Paint Peeling
Inside Plates
Bot. Lacing

S. End, Bot., of
Top Pl

Paint
Inside W, Face
Near Top Conn,
Paint

% Loss
of Material

Surface Rust
Surface Rust
Surface Rust
Paint Poor
Paint Poor

Poor Condition

Surface Rust
Surface Rust
Surface Rust
Rust--100sq. in. x
1/16"-1/8" Deep

Flaking Off

Rust to 3"x3"x 1/4"
Surface Rust

Poor Condition

Field Book

Reference

IB-30R

" IB-32R

IB-32R
IB-35L
IB-35L

IHA-11L

IB-18R
IB-18R
IB-18R

IB-21L

IC-4R
IC~5R
IB-14R
HA-111,

Photograph

Reference

Bl2

¢—1T



Member

SPAN 1
Ull'E
Ul6'W
Ul5'E
Ul4w
L11w

SPAN 2
L8'E
L8'E
L8'w
L8'W
LT E
LT"wW

LW
L6'W
L6'E
16'E
L6'E

L5 E
I14'E

TRUSS BRACING CONNECTIONS

Affected Part

W. Gusset, Pl
Bot. Gusset, Pl,
Bot. Gusset, Pl.
E. Face

Gusset Rivet

Gusset Pl

Gusset Pl. Rivets
Top Gusset Pl, Rivets
Top Gusset Pl Rivets
Gusset Pl. Rivets
Top Gusset Pl
Rivets

Top Gusset Pl

N. Top Gusset Pl.
Inside Joint Pl
Rivets

Inside Joint Pl

Gussets for L8'E-
LW

T and B Gusset
Top Gusset Pl.

% Loss
of Material

Mod. Rust 10 sq.in.
Mod, Rust
Mod. Rust

6"x 6" Surface Rust
Mod, Rust

Surface Rust

8 of 22 25%

1-75%, 2-25% of 22
1of5 75‘Z/o

8 Riv, 25% Max 3 of 7
10of7, 50% 25%
1of 7, 75%

Mod, Rust 1'x2' area
Mod. Rust-

1, 50% 1, 25%
Large Areas Surface
Rust

Mod. Rust

Mod. Surface Rust
Heavy Rust, Hole
6I1X 6”

Field Book
Reference

Photograph
Reference

IB-23R
IB-26L
IB-25L
IB-26R
IB-28L

IC-14L
IC-14L
IC-14L
IC-14L
IC-14R
IC-15L

IC~15L
IC-15L

IC-15L
IC-15L

IC-15L
IC-15R

IC-16L

BI19

Bi8

1T

t



SPAN 2 {(Cont. )

Member
I4A'E
I4'E
Us'E
L3'E
U4'E

U3'E-S
U3'E-S

U3'E-S
U4'E-N

U4'E-N

L2'E
L2'E

U2'E-S
U2'E-S

U2'E-S
U2'E~S
U2'E-S
U2'W-8
Lo'w

U4'E-S

TRUSS BRACING CONNECTIONS

Affected Part

Top Gusset Pl.
Rivetis

Bot, Gusset at Edge
Gusset Under FB5!
Top Gusset Pl,
Rivets

Bot, of Gusset to
FB4!

Top Gusset Rivets
Top Gusset Rivets

Top Gusset
Top Gusset

Top Gusset Rivets

Top Gusset

Inside Joint Lower
Chord

Top Gusset Rivets

Top Gusset Rivets

Top Gusset

Bot, Gusset

Bot. Gusset Rivets
Bot. Gusset

Angle to Wind Brace
Top Gusset

% Loss
of Material

5 of 50 25%
Heavy Rust
Mod. Rust

3 of 13, 75%, 5-25%

Heavy Rust

4-25%, 4-50%, of 14
Of 9, 1-25%, 2-50%,
1-75%

Mod. Rust

Heavy Rust, Corner
Bent Up

Of 14, 3-75%, 4-25%,
1-50%

Mod. Rust

4 Rivets 25%

Of 14; 1-~75%, 2-50%,
3-25%

Of 9; 3-25%; of T;
1-25%

Mod. Surface Rust
Edge Rusted, Holes
Of 11; 5-75%, 1-25%
Mod. Rust

Of 24; 3-75%, 8-25%
Heavy Rust

Field Book
Reference

Photograph
Reference

. 1IC-16L
IC-16L
IC-161,

IC-16R

IC-16R
IC-17L

IC-17L
IC-17L

IC-17L

IC-17L
IC-17R

IC-17TR
IC-17R

IC-17R
IC-17R
IC-17R
IC-18L
IC-18L
IC-18R
IC-19L

Bl8

B22

B23

B23
B23

v-11



kS
.

SPAN 2 (Cont.)

Member

U4'E-S

U4'E-S
U4t £-S
U4'E-S
U4'E-S

U5'E-N
US'E-N
UI'E-S
Ul'E~S
Ul'E-S
UI'E-S

U2'E-N
U2'E-N
LO'E
UO'E
U0'E
LO'E
LO'E

SPAN 3
U0E-N

UOE-N

UlE-N

TRUSS BRACING CONNECTIONS

Affected Part

Top Gusset Rivets

Side Gusset
Side Gusset Rivets
Bot. Gusset
Bot. Gusset Rivets

Top Gusset Rivets
Top Gusset Rivets
Top Gusser
Top Gusset Rivets
Bot. Gusset
Bot. Gusset Rivets

Gusset Rivets
Top&Bot, Gussets
Gusset Plates

T and B-Gusset Pls,

Bot. Gusset Plates
Rivets

Gusset to Jacking
Beam Rivets
Inside Member

Upper Gusset P,
Rivets
Lower Gusset Pl.
Rivets
Lower Gusset Pl.

% Loss
of Material

1-0O.K.; Rest
50-100%, of 14
Very Heavy Rust
5 of 23 50%
Large Holes T75%

Of 14; 2=15%, 2-50%

Of 14:1-50%, 3-25%
Of 9;3-25%_
Mod. Rust

Of 30;15-25%, 5-50%

Edges Eaten 1" in

Of 30;6-75%, 10-25%,

5-50%

Of 14;2-50%, 3-25%
Mod. Rust

Mod. Rust

Mod. Rust

2-50%

All to 25%
Water Sitting

17 of 35,25-50%

17 of 30, 25-50%
2" 100% W, Edge

Field Book
Reference

Photograph
Reference

IC-19L
IC-19L
IC-19L
IC-18L
IC-19L

IC-19R
IC-19R
IC~19R
IC-19R
IC-19R

IC-19R
IC-19R
IC-19R
IC-20L
IC-20L

IC-20L

IC-20R
IC-20R

IB-TL

IB-TL
IB-7TR

B24

B26
B26

B20
B31

iT

1



SPAN 3 (Cont.}

Member
UlE-N
UIE-N
Ul1E-N

UlE-N
U3E-S

USE-S
U2E-N
U2E-N
U2E-N
U4E-N
U4E-N
U4E-N

LOE
L2E

L2E

14E
L5E
L5E
L6E

L

;

( [ (

TRUSS BRACING CONNECTIONS

Affected Part

Lower Gusset Fl,

Lower Gusseti PI.

Rivets
Top Gusset PL.
Rivets
Top Gusset Pl,
Top Gusset Pl.
Rivets

Bot, Gusset Pl

Rivets

Bot. Gusset Pl

Rivets
Top Gusset P1,
Rivets
Top Gusset PL,
Rivets
Top Gusset P1,
Rivets

Bot. Gusset PI,

Bot. Gusset Pl.

Rivets

Paint

Top Gusset Pl.
Rivets

Bot, Gusset Pl,

Rivets
Top Gusset Pl,
Top Gusset Pl,

Bot. Gusset Pi,
Top Gusset Pl,

%Loss
of Material

Surface Rusted to
1 /4 It

1 of 14-100%

Of 14,1-~75%, 1-50%
2-4" Areas-1/4''"Deep

3 of 9-25%

3-50%, 1-25%, of 9
5 of 7, 50%

4 0of 14 50%

4 of 7 50%

15 of 33 50-75%
20-30 sq. in. lost
at edge

5 of 14 50-75%
Poor Condition

2 of 14 50%

2of 7T 50%

6''x1/2" on Edge 100%
4"x2" Hole

1/4" Rust

Hole 15 sq. in.

Field Book
Reference

Photograph
Reference

iB-TR

IB-7R

IB~TR
IB-TR

IB-8L

IB-8L.

IB-8L

IB-8L

IB-8L

IB-8R

IB-8R

IB-8R
IB-8R

IB-9L

IB-9L
IB-9L
IB-9L
IB-8R
IB-9R

B28

B27

9-~-1T



.._-.,
R
—_—

Member
SPAN 3 (Cont.)

18E

(UBE-N

1L6W

IL8W
L8E
LOW

S U3E-N

R

USE-N

SPAN 4
USE-S
UBE-S
UBE-S
L3W

SPAN 5
UOE
USE
Usw

SPAN 6
USE~N
UZE-N
U2W-N
U2E-§

L

B

TRUSS BRACING CONNECTIONS

Affected Part

Bot. Gusset Pl,
Gusset Pl, Rivets
Top Gusset Pl,
Rivets

Top Gusset Pl,
Bot. Gusset Pl.
Inside Bearing
Gussets

Bot. Gusset Pl

Top Gusset Pl,
Rivets

Gusset Pl,
Gusset Pl,
Gusset Pl, Rivets
Gusset Pl,

Gusset Plate
Gusset Plate
Gusset Rivets

Gusset Pl, Rivets
Gusset PL,
Gusset Pl.
Gusset Pl,

% Loss
of Material

Hole 4 sq. in.
9o0of 12 - 50%

16 of 63 - 25%

Edge Loss 3 sq. in.

Edge Loss 2''x 6"

Surface Rust
Edge Loss 3"-4",
Only 1/8" to 1/4"
of Pl, Left

10 of 14 509%
Mod. Rust

Mod. Rust
5 of 30 25%

Edge Rust 1 sq. in.

Moderate Rust
Heavy Rust to 1/8"
4 of 8 - 25%

7 of 20 25%
Bent Down
Bent Down
Mod. Rust

Field Book
Reference

Photograph
Reference

IB-9R
IB-9R

IB-10L
iIB-10L
IB-10L

IB-11R All2

IA-51R B25

IA-51R B25.

IB-22L
IB-31L
IB-31L
IB-32L

IB-5, 15L ;
IB-16L
IB-16R B30

IB-19L
IB-20R
IB-20R
IB-20R

IT

I



SPAN 3 (Cont.)

Member
L6E

UGE-N
Le6wW

Lew
L8E
LOW

U3E-N

U3E-N

SPAN 4

UBE-S
U6 E-S
USE-S
L3W

SPAN 5

U0E
USE
Usw

SPAN 6

UBE-N
U2E-N
U2W-N
U2E-S

l t [

( | i

TRUSS BRACING CONNECTIONS

Affected Part

Bot., Gusset Pi,
Gusset Pl. Rivets
Top Gusset Pl.
Rivets

Top Gusset Pl.
Bot. Gusset PIL.
Inside Bearing
Gussets

Bot. Gusset Pl.

Top Gusset Pl.
Rivets

Gusset Pl.
Gusset Pl.
Gusset Pl, Rivets
Gusset Pl.

Gusset Plate
Gusset Plate
Gusset Rivets

Gusset Pl. Rivets
Gusset Pl.
Gusset Pl.
Gusset Pl,

% Loss
of Material

Hole 4 sq. in.
G of 12 - 50%

16 of 63 -~ 25%

Edge Loss 3 sq. in.

Edge Loss 2''x 6"

surface Rust
Edge Loss 3"-4",
Only 1/8" to 1/4"
of Pl. Left

10 of 14 50%
Mod, Rust

Mod. Rust
5 of 30 25%

Edge Rust 1 sq. in.

Moderate Rust
Heavy Rust to 1/8"
4 of 8 - 25%

7 of 20 25%
Bent Down
Bent Down
Mod. Rust

Field Book
Reference

Photograph
Reference

IB-9R
IB-9R

IB-10L
IB-10L
IB-10L

IB-11R

JA-51R

IA-51R

IB-22L
IB-31L
IB-31L
IB-32L

IB-5, 15L
IB-16L
IB-16R

IB-19L
IB-20R
IB-20R
IB-20R

Al2

B25

B25

B30

IT



Member

SPAN 7
1L.2W

UOE
LOE-LOW
LOE-LOW
L3E-L3W
LAE
U4E-S
L6W

L7E
LIE-LTW

LOE

TRUSS BRACING CONNECTIONS

Affected Part

Bot. Gusset P11,

Gusset PL,

Gusset at Midspan
Gusset at Midspan
Rivets ‘
Gusset at Midspan
Rivets

Bot., Gusset P11,
Rivets

Gusset PL. Rivets
Gusset PL.

Inside Vert. Gusset
Pl

Gusset at Midspan
Rivets

Gusset Pl

% Loss
of Material

5'"x 1/2"x 1/4"
Deep

Surface Rust
Surface Rust

1 of 20 50%

3 of 20 25%

Sof 9 25-50%
5 of 6 25-50%
20f8 25%
Surface Rust

Rusting to 1/4"

1 of 20 50%
Surface Rust

Field Book Photograph
Reference Reference_
IC-3R
IC-3R
IC-4L Bi6
IC-4L B16
IC-4R B117
IC-5L Bi5A
IC-5L
IC-5L
IC-5R
IC-5R
IB-13L

§—-IT1



Member

SPAN 1

FB11W-N
FB11W-N
FB11W-N
FB11W-N
FB11W-N
FBI1IW-N

FB-11W-N

FB13W-S
FB12E~N
FB1I3E-N
FB15W-S
FB15'W-5
FB16E-N
FB14'W-5
FB10'W

L10'W
L10'E

FB13'E-N
FB11E-N

Affected Part

Bot. Gusset Rivets
Bot, Gusset Rivets
Top Gusset Rivets
Top Gusset Rivets
Top Gusset Rivets
Top Gusset Rivets
Top Gusset Rivets
Gusset Rivets

Bot. Gusset Rivets
Top Gusset Rivets
Gusset Rivets
Gusgset Rivets

Bot. Gusset Rivets
Bot. Gusset Rivets

Vert, Gusset Pl, and

Rivets
End of W.C., Bolt

End of W.C. One Bolt

Gusset Rivets
Gusset Rivets

3
3
1

= ki DN WD

1
1
1

SUSPENDED FLOOR BRACING CONNECTIONS

% Loss

of 12 - 75%
of 12 - 50%
of 14 - T5%
of 14 - 25%
of 15 - 75%
of 15 ~ 50%
of 15 - 25%
of 12 - 50%
of 12, 2-75%, 1-25%
of 12 - 25%
of 12 - 50%
of 12 - 25%

of 14, 1-75%, 3-25%
1-50%, 3-25%

Heavy Rust
Snapped off
Snapped Off

1
3

of 12 - 50%
of T - 15%

Field Book

Reference

1C-10L

IC-10L
IC-10L
IC-101L
IC-10L
IC-10L
IC-10L,
IC-10R
IC-10R
IC-111L,
IC-11R
IC-12L
IC-12L
IC-12R

IB-40R
IB-41R
IB-41R

IB-42R

IC-10L

Photograph

Reference

B44

6-1I



" TRUSS BRACING MEMBERS

% Loss Field Book Photograph
Member Affected Part of Material Reference Reference
SPAN 1
US'W-U10'E Lacing Heavy Rust to 50% IB-23L B47T
USW-UIO'E Angle Mod. Rust IB-23L B47
U9'W-UI10'E Midspan Rivet 1 of 7--50% IB-23L
Ul1'E-Ul1'W Bot. Angles Heavy Rust IB-23R B46
Ul2'W-Ui2'E Full Length Surface Rust IB-24L
Ul3'"W-U14'E Top Surface Rust IB-25L
U15'W-U15'E Bot. Busset Pl. Mod. Rust IB-25L, B10
L10E-L10W E. Gusset Pl.’
Rivets 9 of 40-25% IB-12L B50
L10E-L10W E. End Bot. Side Heavy Rust IB-12L B49
SPAN 2 :
L8'E-L8'W Inside Channel Surface Rust IC-14L
IL8'E-L8'W Cross-Lacing 8 of 60 50-75% IC-14L
L8W-LT'E Lacing and Plates Surface Rust IC-14R
LTE-LTW Lacing Heavy Rust
Some 75-~100% IC-15L
LE'E-L8'W Rivets E. End 6 of 22 25% IC-15L,
L5'E-L5'W Lacing Mod. Rust
: 2 Members 75% IC-15R
L3'E-L3'W 4 Lacing Members 50% IC-16R
U4'W-U3'E Angles at U3'E Mecd. Rust IC-17L
L2'E-L2'W Lacing and Channel Mod. Rust IC-I7R
U3'W-U2'E Angles at U2'E Bot. Angles 50% IC-17R
LI'E-L1'W Rivets 2 of 40 75% iIC-18L

01-1I



SPAN 2 (Cont.)

Member
LO'E-UO'W
ILOE-LO'W
TJ'W-U4'E
UD'E-U2'W
UOE-UL'W

SPAN 3
UOE-LOW
LO9E-L10W
ILOW-L10E
L7E-UTW
LTW-UTE

SPAN 4
USE-UBW
UsE-USW
1.8 W-USE
LLBE-U8W
L8W-1L6E
LSE-LEW
USE-UW
UBE-USW

UBE-U4W

Affected Part

[

Lacing
Lacing

Bot. Angles at
U4'E
Bot. Angles at
Ul'E
Bot. Angles at
UO'E

Lacing Bars

Upper Lacings
Upper Lacings
Lacing Bars
Lacing Bars

North Corner
North Corner

Top Face Near Bot,
Top Face Near Bot,

In Bay 8-7
In Bay 8-7
In Bay 7-6
In Bay 7-6

Near F.B, 6

TRUSS BRACING MEMBERS

[

% Loss
of Material

Heavy Rust, Some

100%

Heavy Rust,
Some 50=75%

Very Heavy Rust
Very Heavy Rust

to 3/16"

Heavy Rust

1-100%
5-Heavy Rust
Very Rusty
Very Rusty
3-4 50 to 100%
3-4 50 to 100%

Heavy Rust
Heavy Rust
Mod. Rust
Hole

3 sq. in,
Surface Rust
Surface Rust

Mod. Rust Bet.

Angles

Mod. Rust Bet.

Angles

Mod. Rust Bet.

Angles

Field Book
Reference

Photograph
Reference

IC-18R

IC-18R

IC-19L
IC-18R

IC-20L

IB-7R

IB-11R
IB-11R
IA-52L
IA-52L

IB-30R
IB-30R
IB-30R
IB-30R
IB-30R
IB-30R
IB-31L
IB-31L

IB-31R

B32, B33

B40

B42

B34
B34

B35

TT-TT



TRUSS BRACING MEMBERS

% l.oss Field Book Photograph
Member Affected Part of Material Reference Reference
SPAN 4 {Cont,) - - T
U4E-U6W Near F.B. 6 Mod. Rust Bet,
Angles IB-31R
UOW-U2E Near F.B. 0 Heavy Rust Bet. '
Angles IB-32R
SPAN 5
L6E-L8W West Side Heavy Rust IB-4,8L
12E-L4W Full Length Mod. to Heavy IB-5
UOW-U2E West Side Heavy Rust IB-5R B36
USE-USW 50% of Length Mod. Rust IB-16L
USE-USW West End 1/4" Deep Rust IB-16R B39
SPAN 6
18E-L8W Top Leg Mod. Rust IB-17TR
L8E-1L6W East Side Heavy Rust IB-18L
USE-UsW Full Length Bowed IB-18L
USE-USW Full Length Bowed IB-191L.
UGE-USW End Gussets Slight Downward Bend  IB-19L
USE-USW End Gussets Slight Downward Bend  IB-19L
L6W-L5W Lacing Bars Mod. Rust JA-33L
SPAN 7 :
IL6E-L8W 75% of Length Surface Rust IC-5R
LEW-L8E 50% of Length Surface Rust IB-12R
LOE-L2W 50% of Length Surface Rust IB-13L
LOE-L2W East End Mod. to Heavy Rust TA-49R B38
U2E-U4W Full Length Member Bowed TA-49R B41
UE-USW Lower Angle Resting on Catwalk [A-49R

¢T1-11



SUSPENDED FLOOR BRACING MEMBERS

% Loss Field Book Photograph
Member Affected Part of Material Reference Reference
SPAN 1
BAY 11-12 W. Wind Chord Rivets 1/4th - 0-25% - IC-8R
BAY 12-13 W. Wind Chord Rivets 4 - 25% IC-10R
BAY 12-13 W. Wind Chord Mod. Rust on Plate IC-10R
W14-E13 Bet. Angles , Rusting to 1/4" IC-111,
BAY 13-14 W.C. Conn to FB14 Surface rust IC-11L B43
BAY 13-14 W.C. West, Rivets 3 -25% IC-111,
BAY 14-15@
FB1l4 W.C. West, Rivets of 12, 2 - 50%,
1 - 25% IC-11R

BAY 15-18 W.C. West, Rivets 2 - 25% IC-11R
BAY 16-15' W.C. West, Rivets 4 - 25%, 2 - 50% 1IC-121,
WIib'-E16 Bot. Fl. 1' to 2' of rust IC-121,
BAY 16-15" W.C. East @ :

FBi15! 2 sq. ft. rust IC-12L B128
FBIS'E 'Pl., under cable ends Mod. rust to 1/8" IC-12R BI2T
FR14'E W.C. Rivets 1 - 25% IC-12R
BAY 10'-11" N, end of W.W.C. 10 rivets 50% IB-49R B51
BAY 9'-10! W.C. Rivets at FB10'E 8 - 50% IB-41R B52
BAY $-10 E.W,C. Slots Heavy Rust IB-12L,
E15'-W14! 1 of 2 vertical legs 25% TIA-53L

€1-I1



Member

SPAN 1
Bay 10~11

Bay 10-11

Bay 10-11
Bay 10-11
FB10

Bay 13-14

AT FB14!
FB13'

Bay 10'~11"
Bay 10'-11"

Bay 10'-11"
Bay 10'~11"

SPAN 2
Bay 0'~1'
Bay 0'-1!

Bay 5'~-4!
Bay 5'-4'

Bay 4'-3!
Bay 3'-2!

Bay 1'=0!

SIDEWALK AND CURB SUPPORTS

Affected Part

Knee brace to

curb channel

Knee brace to

curb channel

Pl, Supp. curb

SW Beolts at FB10
SW Angles :
SW Bolt Heads at
FB13

SW Channel Nut

SW Channel Nuts
SW Channel at M, H,

Gusset at M., H.
Angle at M. H.

SW Channel Rivets
to FB10!

Angle @ FBO' and
S, W, Chan.

Vert, Pl. E, of S, W,

Chan. .
Pl, Supporting curb,
Pl. Supporting curb.

Curb channel @ 3!
Pl. BETW STO &
Curb channel

Gap betw, FBO!
and curb plate

% Loss
of Material

1 bolt missing
Top Plate 25%

Mod, Rust

Heavy Rust

Mod. Rust to 3/16"
OF 4; 1-75-100%

25 to 50%

2 Heavy Rust

One Spot Rusted to
1 /4!!

Mod. Rust

50-75% Loss of horiz.leg IB~49R

OF 4; 1-175%, 1-50%

Heavy Rust Angle
Twisted

Mod. to Heavy Rust

Heavy Rust

One Nut Loose, 50%
Rusted

Heavy Rust

Mod. Rust

Heavy Leakage

Field Book
Reference

IC-TR

IC-7R
IC-TR
IC-9R
IB-48R
IC-11L,
IC-12R
IB-43L
IB-49R
IB-49R

IB-49R

IB-50R
IB-50R
IC-16L
IC-16L
IC-18L

IC-20L

Photograph
Heference

B62
B62
B62

B64

B56
B57

B63
B63

B61

[ Rl B



Member

SPAN 3
Bay 0-1

Joint @ Pier 3
Bay 0-1 @
FBO

Joint @ Pier 3,
FBO

Joint @ Pier 3,
FBRO

Joint @ Pier 3,
FRO

Bay 0-1

Bav 0-1@FBO
SPAN 4

Bay 0-1

Bay 0-1
SPAN 6

Bay 7-8

Bay 0-1

Bay 0-1
SPAN 7

Joint @ S. Abut.

Bay 7-8

Bay 7-8

[ | |

[ | I_

SIDEWALK AND CURB SUPPORTS

Affected Part

SW Channel Nuts @
FBO

SW Channel 1 Nut
SW Channel Nuts
SW Channel Nuts
SW Channel Nuts
SW Channel

SW Chan, 10! from

FBO
SW Chan. @ STI

Angles at M. H.
Pi. Bet, STI and SW

Curb Channel @ FBE8

Angle at. M, H, Under

SW .
Of 4 Nuts at M, H.
SW Channel

SW Channel
Top Fl, SW Channel
@ FBS8

% Loss
of Material

Heavy Rust

90%
4 of 4 - 50 to 75%

2of 8 - 100%
2 of 8 - 50%
Heavy Rust
Heavy Rust

Heavy Rust

Mod., to Heavy Rust
Mod. Rust @ FBO

Heavy Rust
75% Horiz. Leg.

1-75%, 1-50%

1/4" Loss
Rusting to 1/8" Deep

Pl next to SW Channel Heavy Rust to 1/4"

Field Book

Reference

IB-16R

‘IB-16R
IB-6R

IB-TL
IB-7L
IB-TL
IB-TL

IA-51R -

IB-50L
IB-50L

IB-17R
IB-49L

IB-491,

IC-4
IB-47R

IB-48L

Photograph
Reference

B53

B59 .

B54

B55

B6O

B538

9T-11



Member

SPAN 1.
FB10
FB10
FB10
FB12-N
FB12-N
FB16-N
FB10'-5

FB10'-5

¥FB10'-S
FB10'-5

FB10'-8
FB1O'-5
FB10'-S
FB10'-S
FB10O'-S
FBI1'E-S
FB13'E-N
¥FB13'W-S
FB13'E-S
FB13'E-S
FB1OW

FLOOR BEAMS

Affected Part

" Top Fl. E. End

E, End Gusset
At St, 1
W. End Rivets

Bet, St, 8+9
Bet, St, 8+9

Bet. St, 7t8

WEB, S, Side
Bet. St, 6+7

Full Length

Bot. Fl. Underside
E. End Rivets
St. 1 Bracket Rivets

Top Fl, at St. 1
Bot. Fl. Rivets

Top Fl. Edge

Top Fl.

Top FL

Bot, Fl.

Underside Bot. F1L,

% l.oss
of Material

Heavy Rust to 25%
2 of 2 Rivets 50%
Top Fl. Heavy Rust

_ 1 of12 - 50%

Pl, at F.B. Bet.St, 1+2Heavy Rust

5! Surface Rust

Top F1. 4 of 15
Bolts Missing

Top Fl. 4 0of 15

Bolts Missing
Surface Rust

Top Fl, 2 Bolts
Missing :
Bolts Missing Top Fl.
Surface Rust

8 - 50%

9 of 16 25%

Mod.

Rust

5of 12 - 25%

Mod.
1 sq.
Mod.
Mod.
Mod.

Rust
tt. Surface Rust
Rust
Rust
Rust

Field Book
Reference

Photograph
Reference

IC-TR
IC-TR
IC-9L
IC-10R
IC-10R
IC-12L

IB-41L

IB-41L
IB-41L

IB-41L
IB-41L
IB-41iR
IB-41R
IA-53R

IB-49R
IB-42L

IB-42R
IB-43L
IB-43L
IB-43L
IB~12L

B83

B84

B8O

B78

91-11



Member

SPAN 2
FBS5'
FB5'

B3’
FB3'
FB4!

FB4'

FBO'
FBO'
FBO'
FBO'.
FB4'

SPAN 3
FBO

SPAN 4
FBS
FB8
FBS
FB8§
FB2

FBO
FBO

FBO
FB38

I I

SN

FI.OOR BEAMS

Affected Part‘

E. End Bot. Fl.
E. End Rivets

' Top FL. E. End

Bot. Rivets E. End
Bot. Fl. Rivets E.
End .
Bot. Fl. Rivets E.
End .
Betw, SW and ST 1
RBot. Fl. 1/2 Length
@ST5 W,

@Curb Plate

E. End Top Flg.

East End,N. Top Fl.

Stiffener @ Str. 1

% Loss
of Material

Mod. Rust

Of 13,3-25%, 2-50%,
4-75%

Heavy Rust

Of 3;1-25%, 2-50%

Of 7;3-75%, 1 -100%

Of 9:8-75-100%
Mod. Rust

Mod. Rust

Surface Rust

Mod. Rust and Gap
Scale Painted Over

Rust

Mod. Rust

Stiffener @ Str. 1Rivets6of 9 25-50%

Stiffeners at E, End
P1l, Supporting Conc.
Bot, Fl, East End
Rivets

E, End Pl.
Supporting Conc.

E. End Pl.

Stiffener

. W. End Stiffener

Catwalk Rivets

Heavy to Mod., Rust
Heavy Rust

5of 6 25-50%
Heavy Rust
Heavy Rust

I—Ieav_y Rust
5 of 20, 50-75%

Field Book
_Reference

IC-161,

IC-16L
IC-17L
IC-17L

IC-19L

IC-19L
1C-20L
IC-20L
IB-34R
IC-20L

IB-7L

IB-49L
IB-49L
IB-49L,
IB-49L

IB-32R
IB-331,

IB-33L
IB-33L

IA-15L

Photograph

Reference

B22

B22

B61
B381

B66
B66, B68
B656
B65, B68
B79
B67

B67

LT=1T



Member

SPAN 5
FBO
FBO
¥B38
FB8

EFBS8

FBS
FB8-N
FRO

SPAN 6
FBS
B8

FBS8
FBS8

FBS

FB6
FB4
FB3
FBO
FBO

FEBES§

FLOOR BEAMS

Affected Part

S. E. Corner
Stiffener @SW
Flange @ST5
Flange Rivets

@ ST5

Stiffener on North
Side

Rivets at Catwalk
Stiffener @ ST 1
West End

Stiffener @ ST1
Stiffener @ ST1
Rivets

Splagh P1,

Top Fl, East Side
North Face East
Side

Top Fl. East Side
Bot. Fl. East Side
Bot. Fl. East Side
Stiffener @ E., End

% Loss
of Material

7' T, +B, Mod. Rust
Mod. Rust
Mod. Rust

10 Rivets 25%

Mod. Rust

2 - 50%

Heavy Rust
Leakage 8'-10!
From End

Heavy Rust

Heavy rust
Surface Rust
Mod. Rust

Heavy Rust
Heavy Rust
Paint Flaking
Rust

Mod. Rust

Conc. Haunch Support Full Length

Stiffener at E. End

Mod. to Heavy Rust
Heavy Rust

Field Book
Reference

Photograph
Reference

IB-15L
IB-481L
1A -50L

JA-50L.

1A-50R
IA-50R
IA-51R

IB-45L

IB-17R

IB-17TR
IB-17R
IB-17R

IB-17R
IB-18R
IB-19R
1B-20L
IB-21R

IB-21R

- IA-56R

B70

B72

B73

B71

B76, B74

B77
B75

8T-1II



Member

SPAN 7
FBO

FBO

FB8
FB8

FLOOR BEAMS

% Loss

Affected Part of Material
Haun. Support Fuil
Length Rust
Haun. Support
@ ST1 1/2" Edge Loss
East South Side 1 of 6 rivets 25%
Catwalk Rivets Of 12; 1-50%, 1-25%

Field Book Photograph
Reference Reference
1C-4L,
IC-41, Ba2
IC-6L
IA-10R

6T-II



Member

SPAN 1

Bay 10-11

Bay 10-11
Bay 10-11

Bay 10-11
Bay 10-11

Bay 10-11
Bay 10-11
Bay 10-11
Bay 10-11

Bay 10-11
Bay 10-11
Bay 10-11
Bay 10-11

Bay 12-13
Bay 16-15'

Bay 10'-11!

Bay 10'-11!

St

St.

St

St
St

St
St
St
St

Affected Part

.9 @ FB10O

8 @ FB10
.8 @FBI0

.7 @ FB10
.7 @ FB10

.6 @ ¥B10
.3 @ FB10

.2-E @ FBI10
.5,4,3,2,1 @

¥B10

St
St
St

St
St
St
St

St

.1 @ FB10
.1 @FBI10

.2-W @ FB10

.1 @ FB10
.1 @ FB12
.9 @ FB16
.9 @ ¥B10’

.9 @ FB1O'

STRINGERS

% Loss Field Book
of Material Reference
Bot. Fl. Bolt heads IC-TR

rusted,one 25%, one
50%, no movement
evident. Top fl. mod.
rust

Sliding bolts heavy
rust

Rivet next to bolt -
50%

Bolt heads - 25%
Undersgide of bolis
rusted

Bolts rusted solid
Rivet Head 75%
Rivet Head 75%
Bolts rusted to Knee
Brace

1 bolt missing

1 of 7 rivets 75%

1 rivet 100% @ Knee
Brace

2 of 2 rivets 75 and
100%

Top Fl. Heavy Rust
10' surface rust
Bot. Fl., 2 nuts
heavy rust

Slots for bolts heavy
rust

IC-81.
IC-81.

IC-8L
IC-8L

IC-8R
IC-9L,
IC-9L
IC-9L

IC-9L
IC-9L
IC-91,
IC-9L
IC-10R
IC-12L
IB-23R

IB-23R

Photograph
Reference

B105

0Z-1I



Member

SPAN 1 {Cont'd)

Bay 101-11"
Bay 10'-11"

Bay 10'-11"
Bay 10'-11!

Bay 10'-11"

Bay 10'-11!
Bay 9-10

Bay 9-10

SPAN 2

Bay 6'-5'
Bay 5'-4'

Bay 4'-3'
Bay 1'-0'

Bay 1'-0'
Bay 1'-0'
Bay 1'-0!

SPAN 3
Bay 0-1

Bay 8-9

STRINGERS

Affected Part

St. 9 @ FB10'
St. 9 @ FB10!

St. 9 @ FB10!
St. 1 @ FB10!

St. 1 @ FB10'

St.1 @ FB10'
St. 3 Full Length

St. 1 Full Length

St. 9 @ FBS!
St. 9 @ FB5!

St, 8
St.1 @ FBO!

St.9 @ FBO'
St. 8 @ FBO'
St. 5 @ FBO'

St, 1 Top F1.
St. 1 Bot, Fl

% Loss
of Material

Knee brace heavy
rust :
Plates and rivets
heavy rust

Heavy rust to 1/8"
Meod. rust bot. fl.
and knee brace
Heavy rust conn,
diaphragm

Top Fl. heavy rust
Bot. fl. pitting to
1 /4n

Bot. fl. pitting fo
1 /4”

Surface rust

Top & Bot., fl. Mod.
rust

Bent

Conn. angle heavy
rust

Mod. Rust

Mod. Rust

Web Heavy rust

Mod. Rust @ FBO
Mod. Rust full length

Field Book
Reference

IB-40R
IB-40R

IB-41L
IB-41L

TA-53R

TA-53R
IA-52L

IA-52L

IC-15R
IC-16L

IC-17TL
IC-20L

IC-20L
IC-20R
IA-54R

TA-51R, 31R
JA-52L

Photograph

Reference

B87
B&6

B107
B85

B108

B63

BO1

B31, B89

BOO

B94,E96

R A ]



Member

SPAN 4
Bay 8-7

Bay 5-4
Bay 0-1

Bay 1-2
Bay 1-2

Bay 2-3
Bay 2-3

Bay 3-4

Bay 3-4
Bay 4-5
Bay 6-5
Bay 6-7
Bay 7-8

SPAN 5
Bay 7-8

SPAN 6
Bay 7-8
Bay 6-5
Bay 4-3

STRINGERS

Affected Part

St

St
St

St

St

St
St

St

.9 @FB8

.1 @ FB5
.1 @FBO

.1 and St. 9
.1 @ FB2

.9 @ FB3
.1 @ FB3

.1 and St. 9 @

FB4

St
St
St
St
St

N.

St
St
St

.1 @ FB4
.1 @FB5
.9 @ FB6
.9 @FB7
.9 @ FB8

end St. 5.

.9 @ FB8
.9 @ FB6
.1 @FB4

% Loss
of Material

T & B fl, Mod.

rust

T & B fl. light rust
Top fl. W, side sur-
face rust

Bot. Fl. heavy pitting
to 50%

Bot. 4" of Web-50%
small holes

Bot. 4" of Web-50%
Bot. 4" of Web-50%
small holes

Bot. fl. 50%

Web Bot, 4'"'-50%
Web Bot. 4'"-50%
Web Bot. 4''-50%
Bot. F1, Pitted to 50%
Bot. 4" of Web, Bot.
fl. 50%, small holes

T & B F1, Heavy rust

T & B {fl. Mod. rust
Heavy rust

Bot. fl. 10" mod.
rust

Field Book
Reference

Photograph
Reference

IB-22L

IB-31R
IB-50L

IA-55L
TA-55L

IA-55R
IA-55R

TA-55R

IA-55R
JA-55R
IA-55R
IA-55R
TA-55R

IA-50L,

IB-17R
IB-18R
IB-19R

31L

B98, B100

Bb55

B101

BS9
Bo7

¢c—-II



Member

SPAN 6 (Cont'd)

Bay 3-2
Bay 2-3

Bay 2-3
Bay 3-4

Bay 3-4
Bay 3-4

Bay 3-4
Bay 5-6

Bay 5-6
Bay 6-7

Bay 6-7
Bay 6-7

STRINGERS

Affected Part

St
St

St
St

St
St

St
St

St
St

St
St

. 9 Full length

.9 @ FB3

.9 @FB3
.1 @ FB4

.1 @ FB4
.9 @ FB4

.9 @ FB4
.9 @FB6

.9 @FBS
.1 @ FB7

.1 @ FB7
. 1 Center 6!

% Loss

of Material

Surface rust

Web-Bot, 4"
50%

Bot. fl. 50%
Web-Bot., 4"
50%

Bot. fl, 50%
Web-Bot. 4"
50%, holes
Bot. fl. 50%
Web-Bot. 4"
50%

Bot, f1. 50%
Web-Bot., 4"
50%

Bot. 1, 50%

Pitted to 50%

Field Book

Reference

IB-20L
TA~56L

TA-56L
IA-56L

IA-56L
IA~56L

IA-56L
TA-56L

IA-56L
IA-56R

IA-56R
IA-56R

Photograph
Reference

£€¢-II



Member

SPAN 1

Bay 10-11
Bay 11-12

Bay 11-12
Bay 12-13
Bay 12-13
Bay 13-14
Bay 14-15
Bay 14-15
Bay 15-16
Bay 15-16
Bay 10-11
Bay 10-11

Bay 16-15!

Bay 15'~14!
Bay 12'-11!

Bay 11'-10"

UNDERSIDE OF CONCRETE DECK

Affected Part

At FB, 11 and Str, 7
At Str, 1

At FB, 12 and Str, 5,
6, 7, 8§
At Str, 5

At FB, 12 betw, sir.
7& 8

At FB. 13 betw, str.
T& 8

At FB, 14 betwn str,
2& 3

At str, 9 near FB, 15

At FB. 15 betw, str.
6 & 7

At str, 1 west side
10! from FB. 15

At M. H.

At M. H.
Betw, str, 2 & 3

Betw, str, 4 & 5 at
20! from FRB, 15’

At str, 1 at 20' from
FR. 11!

Along SW Channel

% Loss
of Material

8"x5"x5" spall
6"x2" spall w/rebar
exposed

Typ. haunch spall

Spall full length,
rebar exposed
Haunch spall

Haunch spall 2' long

Small spalls, rebars
exposed

Spall and rebar
exposed

Haunch spall

Two large spalls

Spalling w/rebars
exposed
Honeycomb at con-
duit (exposed)
Small gpall (3'") w/
rebars exposed

2 ft. of Cracking &
spalling

Small Spall, rebar
exposed

Spalls almost full
length

Field Book

Reference

IC-9L
IC-10L

IC-10L

IC-10R

IC-10R

IC-11L

IC-11R

IC-11R

IC-11R

IC-11R

IB-48R

IB-48R

IC-12L

IC-12R

IC-13L

IC-13R

Photograph
Reference

B64

B119

B122

yc-I1



Member

SPAN 2
Joint Pier 4
Bay 1'-2'

Bay 2'-3!
Bay 3'-4!

Bay 4'-5'

SPAN 3
Bay 0-1
Bay 0-1
Bay 1-2

Bay 4-5

SPAN 4
Bay 6-5
Pier 4

Pier 4

Joint Pier 4

SPAN 5
Bay 0-1
Bay 0-1
Bay 0-1
Bay 3-4

Bay 4-5
Bay 6-7

UNDERSIDE OF CONCRETE DECK

Affected Part

At exp. joint

At FB. 1' betw. str.
7T& 8

Betw. str. 5& 6
At west side sir, 3

Betw. str. 5 & 6 at
16" from FB. 4'

At, FB.1 and str. 7
At, FB.0 and str.1
At str., 6, 5' from
FB, 2

On str. 3, 10! from
FB. 4

Betw, str, 4 & 5
At M, H,

At M. H. at northend
of grating
At exp. joint

gt from FBR.Q

At FB. 0
At FB.0
Betw. str. 4 & 5

At FB. 4 (on catwalk)
Over catwalk

% Loss
of Material

5"x12"x12" gpall
24"x6" gpall

Typ. hairline cracks
Small holes w/rebars
exposed

8" hole x 1/2" deep

Spall 15"x6''x4"
Leakage thru deck
Spall, rebars exposed

Patched area shows
further leakage

Long. crack in patch

Rebar exposed 5'

length

Bar rusted (50%) for
6”

Spalls, concrete poor

condition

Transv, Crack Full Deck Width IA-20R
12"x7"x5" haunch spalls

Spall

Spall and cracks on
patch

Haunch spall

Spall rebars exposed

Field Book
Reference

TA-24L
IC-19R

IC-18L
IC-17L

IC-19R

1A-221.
IA-51R
IA-22L

IA-25R

IA-55R
IB-50L

IB-50L

IB-33L

IA-20R
IA-50L
IA-111.

TA-111.
IA-111.

Photograph

Reference

Bl16

B118
B121

B115

B117

B113

Sg¢~II



UNDERSIDE OF CONCRETE DECK

% Loss Field Book Photograph
Member Affected Part of Material Reference Reference
SPAN 5 (Cont'd)
Bay 7-8 At M. H. in S. W, 3'x1' spall IB-17L B120
Bay 7-8 S. W, &' from FB. 8 36"x4" spall ' IB-17L
Bay 7-8 S. W, concrete Very poor condition IB-171.
Bay 7-8 At north end sir. 5 Leakage thru deck IA-50L
Bay 7-8 For 6' on str. 3E 6' spall w/leakage 1a-50R
from FB. 8
Joint Pier 3 ~ North of FB. 8 Spall ai haunch TA-50R Bli4

Joint Pier 3 At haunch near catwalk Concrete poor condition IA-11R
rebars exposed

Bay 6-7 At str. 2 Two 6'"x6" gpalls, one IA-21R
has rebar exposed

SPAN 6
Bay 8-7 At.FB. 8 All stringers Typical haunch spall IA-22R
SPAN 7
Bay 3-4 Top flg. of str. 5 6''x6'"" spall rebars IA-19R
exposed
Bay 3-4 - Betw, str, 7T& 8 Stains indic. leakage IA-19R
Bay 6-7 At FB. 6 betw. str. Spall w/3' of rebar IA-20L
8& 9 exposed
Bay 7-8 At FB. 7 (oncatwalk) Spall w/rebars exposed IA-10L
Bay 7-8 At FB. 8 under S. W, 2'-0"x8"-5" gpall IB-47R
Channel rebar exposed

9¢~1I



Fay, BPOFFORD & THORNDIKE. INC.
ENGINEERS
BoOSTON, MASS.

APPENDIX ITI

1971 CONDITION REPORT
BOURNE HIGHWAY BRIDGE"

CABLE X~RAYS AND REPORT

X-ray film furnished separately.



B iCH LABORATORIES:

ek NTURCE, PUERTD RICO
TEL. {808} 722-1822

ARNOLD GREENE TESTING LABORATORIES, INC..3
EAST NATICK INDUSTRIAL PARK, 6 HURON DRIVE NATICK., MASS, 01760 AN

AREA CODE 617 » PHONE: 235-7330 « 653-.5950

s 267 PAGE HOULEVARD 98 PARIS STREET 2 MILLBURY STREEY 100 PIONEER AVE.
PRINGFIELD, MASS, 01104 EVERETT. MASS, ¢21489 AUBURN, MASS. 01501 WARWICK, RHODE ISLAND 02888
TEL. (413] 734-85%48 TEL. (617} 387.3770 N TEL., 1617 832.-5500 TEL. {401) 467.28686

Ref. No. 10929-96202

- June 11, 1971

— Fay, Spofford & Thorndike
11l Beacon Strest

Attention:

Boston, Massachusetts 02108

Gentlemen:

Mr. Albright

Reference is made to the inspection of Suspender Cables on the Bourne
Highway Bridge.

On June 2,

3 and 4, 1971, we radiographed selected areas of cable as

specified by your representative, Mr. Harrington. These areas were

assigned Serial Numbers 12 East-South, 14 East-North, 16 East-North,

14 Bast-South, 12 East-North, 12 West-North, 14 West-North, 14 West~
South, 12 West-South and 16 North-West. These descriptions were supplied
A by your representatives at the Bridge. All cables were radiographed
— with two exposures labled 0%nd 90° to indicate source and film location
in relation to the cable. In addition, the third exposure was made and
designated "bottom" to indicate this area as being immediately above the
- heavy socket fitting at the bottom of the cable. This exposure was only
made on areas 16 East-North, 14 East~South and 12 West-North.

A radiocagctive isotope of Cobalt 60 of 67 Curies was used with-a focal spot

size .16" diameter by 40" long. Two speeds of film were exposed simultane-
ously in the same film holder in order to compensate for the curvature of
: the cable and resultant film density change. The two film used were Kodek
- types AA and M or AA and T sandwiched between .0l0" lead filter screens.
A sensitivity gauge was recorded on each film. A source to film distance

of 25" was employed. All film were developed at the job site.

The double film of all exposures were examined, and the make up of the
various strands composing the cable were clearly depicted. No evidence
of corrosion was evident on the recorded image cof the cables.

We trust this is the information desired,

l; IWDESTRUCRHIRY ?sg’aNG:

DESTRUCTIVE TESTING:

RATORIES, INC.

AGHNAFLUX * ZYGLO * MILLION VOLT & LOW VOLTAGE X.RAY * ULTRASONIC FLAW DETECTION ¢ AUDIGAGE
HICKNESS MEASUREMENT ¢ BORESCOPE * GAMMA.RAY +* F|LM iNTERPRETATION & CONSULTATION

FATIGUE TESTING * METALLURGICAL INVESTIGATIONS ¢ WET CHEMICAL ANALYSIE * SALT SPRAY * ACID ETCH
SPECTROGRAPHIC ANALYSIS » PROCEDURE & WELDER QUALIFICATION » IMPACTY * STHESS RUPTURE ¢ ROCHKWELL
SUPERFICIAL + BRINELL + MICROHARDNESS ¢ PHOTOMICROGRAPHY ¢ ATOMIC ABSORPTION ANALYSIS * AIR
AND WATER POLLUTION ANALYSIS



Fay, SPOFFORD 8 THORNDINE, INC.
ENGINEERS
BosToN, Mass.

APPENDIX IV

1971 CONDITION REPORT
BOURNE HIGHWAY BRIDGE

PREVIOUS REPORTS

1958 AMERICAN BRIDGE CO. INSPECTION AND CONDITION REPORT
1963 DESIGN MEMORANDUM~-BOURNE HIGHWAY BRIDGE-MAJOR REHABILITATION
1969 SUBSTRUCTURE SURVEY NOTES BY CORPS OF ENGINEERS

(THESE REPORTS ARE AVAILABLE AT OFFICE OF CORPS OF ENGINEERS)
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ENGINEERS .
BOSTON. MASS.

APPENDIX V

1971 CONDITION REPORT
BOURNE HIGHWAY BRIDGE

VIBRATION MEASUREMENTS

Report of Vibration Measurements



WESTON GEOPHYSICAL RESEARCH, INC.

POST OFFICE BOX 364
WESTON, MASSACHUSETTS 02193

AREA CODE 617 894-1020

September 24, 1971

Fay, Spofferd & Thorndike, Inc.
11 Beacon Strest
Boston, Massachusetts $2108

o | o, -
Gentlamen:

Vibration measurements on the Bourne Bridge, Bourne, Massachusetts
were conducted on July 14, 1971,

This is a formal presentation of our findings.
Sincerely yours,
WESTON GEOPHYSICAL RESEARCH, INC,.

e A .
H o e TS

Dr. F. Thomas Turcotie

T,
.t.—.;._)_:jﬂ.



VIBRATION MEASUREMENTS

BOURNE BRIDGE

for

FAY, SPOFFORD & THORNDIKE, INC,

by
WESTON GEOPHYSICAL RESEARCH, INC.

WESTON, MASSACHUSETTS



VIBRATION MEASUREMENTS

BOURNE BRIDGE

TEST PROCEDURES

Vibration measuremenis were made con the Bourne Bridge on July 14,
b

1971, The mé.jori'bj of the measurements were recorded on the pedesirain
walkway on the west side of the bridge. Measuremenis were also made '

on the curbing on the ecastern side of the roadway at the center of each

span, excluding Spans 2 and 3.

The vibrations measured were induced by heavy itrucks cr buses
mbv_ing on the spans containing the seismometers during ithe recording
period. Wind induced wvibration was not felt to bé a ifacior, since only'

a light breeze was blowing during most of the recording period.

The recording location in the tabulated data is identified by span
number foliowed by an E or W o indicate the east or west side of the
roadway, then by the panel number. Two recording points, joined by
brackets, indicale that recordings taken al these points were made simul-
taneously with eveni marks placed on each record to synchronize the time
scales. An effort was made to obiain longer period vibration data by filtering
the higher frequenciss before ampiificetion and then recording on a slower

speed recorder. Pericds as long as 8.8 seconds were obtained in this



manner. The absoclute calibration of *the selamograch svstem is lost in
the process however, and the amplitude of motion is reporied at the end
of "che. tapulated data under the heading of "extended range vibration
results", since the numerical displacement values were normalized o the
calibrated data.
S

Recordings were made using Sprengnether, three—-component DVA-1100
and VS-1100 seismaographs. The horizontal component of motion, identified
as Longitudinal in the tabulaied daia, refers 1o the direction in the len@th
of the bricige (nor:h-south); while the transverse-horizental component of
motion is at righi angles to that (sast-west). The vibration displacement
ampii’mdes (zero to peak values) are given directly in inches.
COMMENT

The magnitude of the vibration displacements a_re similar to those
found on the Sagamore Bridge in 1965. A comparison of the vertical
motion at the center of the three spans of the Sagamore Bridge to the

three center spans of the Bourne Bridge shows essentially the same ifre~

guency - amplitude pattern on both bridges. Span 2, Panel 5 data are

s_imilar on bo"ch_bridges. Span 1, Panel 16 exhibited larger amplitude
motion cn the Bourne Bridge in the 1.1 - 2.2 cps range than on the
Sagamore Bridge, but is still of the same order of magnirude. Span 3,
Panel 5 showed distincily smaller amplitude at 2.4 cvps con the Bourne

Bridge then at similar frequencies on the Sagamore Bridge, while in



contrast, the 1.7 cps motion was larger on the Bourne Bridge than on the
Sagamore Bridge.

The simuitaneous recordings on oppcsite sides of expansion joints
permit transmissibility data to be obtained from he records, The longi-

tudinal component of motion was examined across both ends of Span 1.

AY

The disvlacements on Span 1 were larger in every c¢ase than the corresponding

displacements on Spans 2 or 3. Comparing the end of Span 2, adiacent
to the north end of Span 1, we see that the increase is by a factor of -
1.1 at 4 cps and by a facter of 1.3 at 12-14 cps, Comparing the end of

Span 3 tc the south end of Span 1 shows the increase to be by a factor

of 2.5 at 1,5 cps and by a facior of 10 at 12 cps. This suggests that

. the expansion joint is tighter (or possibly frozen) at the north end of

Span 1 in contrast to the south end.
The lower frequency motion reported in the "extended range vibration

resulis" table has larger displacementis in the wveriical direction in all

cases. Spans 5 and 7 showed significantly larger vertical motion at low

frequencies than elsewhere on the bridge.
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(NOTE: Recording Stations are on Roadway Deck)

RECORDING POINTS FOR VIBRATION MEASUREMENTS
BOURNE BRIDGE
CAPE COD CANAL, MASSACHUSETTS

for
FAY, SPOFFORD & THORNDIKE, INC,
by

WESTON GECPHYSICAL RESEARCH, INC.



BOURNE BRIDGE VIBRATION DISPLACEMINTS

Recording Comment Vertical Longitudinal Transverse

Point Freq. Disp. Freq. Disp. Freq. Disp.
{cps) {(in) (cps) (in) {ops) (in)_
6-W4 : 2.2 .0005 2.2 .0004 2.2 0011
4, .0025 4. . 0006 ——— e
' 13. .0006 13. .0001 13. . 0002

recorded simultanecously 0
6-E4 2.5 .0018 2.4 .0006 2.5 .0006
, 5. .0016 4, .0007 4, . 0002
et m——— e 9 L0004
6-~-W0 2.4 .0002 2.4 ,0004 ' 2.4 ,0006
——— e 5. 00290 . 5. L0010
8-11  .0038 m——— e ————
4We ™ 1.2 .0042 1.4 .0003 ——— e
' 2.0 ,0018 ———— e 2.0 .0017

. ——— e 2.2 .00005 2.2 .0000S

recorded simultancously 5. L0040 5. . 0007 5. L0004
T l Y12, 0014 12, .0002 12, .0005
4-E4 e 1.3 .0020 m—— e
J ‘ 2.1 .0007 2.1 .0007 2.1 .0008
4. L0067 6. . 0005 ———— e
2. . 0004 . 10-12 ,0006

12, L0011 1



Recording

Point

4-W90

2-Wo!
2-W5'
2-W10'

1-W10'

=~

VIBRATION DISPLACEMENTS (Con't,)

Comment

recorded simultanecusly

?recorded simultaneously

A

Vertical
Freg. Disp.
(cps) (in)
10. 0043

2,2 0002
10. 0030
1.4 0021
g, 0015
1.3 .0014
5. ,0011
10, L0007
13, L0001
1.4 .0027
4, L0016

13,

. 0004

Longitudinal
Freg, Disp.
(cps)  (in)
2.0 .0013
2.5 .0010
10, .0005
2,1 ,0013
2,5 .0010
12, L0004
1.3 .0063
2.3  .0009
4, . 0007
10. . 0001
14, .0G03
1.6 .00z8
4, . 0004
13. .0001

Trangverse
Freq. Disp.

(cps) (im)
10 0014
1.8 .0015
8-12 .0009
1.3 0017
2.7 .0008
4, 0016
1.9 .0006
3-4  .0007
17 .0001
2.2 .0006
3. . 0006
14 . 0002



VIBRATION DISPLACEMENTS (Con't,)

Recording Comment
Point

1-W16 M

>recorded simultaneously

1-E16

1-w1i0

recorded simultaneously

3-WI10

3-W5

Vertical
Freqg. Disp,
(cps) (in)

2.2 .0093
3. 0037
12. 0002
1.1 06081
3. L0025
1.5 0014
2.0 0007
2.2 0005
3, 0003
4, . 0003
1.7 0070
2.4 06005
10. 0004

Longitudinal
Freq. Disp.
(cps)  {in)
1.9 0007
2,5 .0007
1.5 ,0017
1.8 ,0009
1.6 .0013
1,6 ,0014
13. L0001

Transverse
Freq. Disp.
(cps) (in}

1.1 0035

3. 0009

1.1 .0024

3. 0010

1.2 .0016

2.3 ,0004

3.8 .0007

1.6 ,0008

2.6 .0003

3.  .0002

4, L0004

1.6 .0040
13, 0001



VIBRATION DISPLACEMENTS (Con't.)

Recording Comment ' Verth:al Longitudinal Transverse
Point & Freq. Disp,. Freg., Disp. Freq. Disp.
{cps)  (in) (cps)  {in) feps)  (in)
3-W0 N ———— e 1.6 .0012 1.6 .0021
2.4 .0014 ———— ———— ———
3. .0006 ———— e ———— e
) recorded simultaneously  10. . 0007 10. .0002 6. L0012
5-W8§ ) ———— e 1.6 .0013 1.6 .0015
/ ' ' 4, . 0003 3. . 0002 ——— ————
7. L0013 ——— e 6. L0002
10, L0017 10. .0002 9. . 0004
5-W4 s 1.7 .0017 1.6 .0019
' 2.0 .0021 m——e e 2.2 .0009
recorded simultaneously 10. fOOlO 11. -0020 10 0024
5-E4 : , ———— m—— 1.9 .0008 1.7 .0011
‘ 2,3 .0012 2.7 .0004 2.1 ,0006
14, .0006 e e 11, 0002
7-W8§ —— e 3. L0003 2.0 ,0011
' ————— e -5, . 0004 ——— e
8-9 .,0017 —mm e 8-9 .,0006

11. .0004 ———— e 10. . 0007



VIBRATION DISPLACEMENTS (Con't.)

Recording Comment Vertical Longitudinal Transverse
Point - Freq. Disp. Freg. Disp. Freq. Disp.

| (cps)  (in) (cps)  (in) _{eps}  (in)
7-W4& 1.8 .0023 2.9 ,8045 2.2 .0012
4. ,0005 4, .0010 4, L0006
recorded simultaneously o+  +00Z1 T lo.  .0002
7-E4 ' : 2.2 .0012 . 2.0 .0010 2.2 .0013
: 4, . 0055 4, ., 0015 4, L0008

11, .0010 ———— ' ———— ———



Recording
Point

6-W4

4-W4

1-wlé

5-W4

7-W4

EXTENDED RANGE VIBRATION RESULTS

(Amplitudes Normalized to Data in Previous Table)

Vertical
Freq. Disp.
0.25% .01s6
0.50 .032
0.63 .014
2.2 L0004
0.30 .0007
1.0 -, 0005
1.4 . 0001
2.2 e
0.56 .044
1.4 - ,0056
0.11 .490
1.4 . 006
2,2 L0017
0.26 ,105
2.2 .0023

i

2.8

Longitudinal
Freq. Disp.
0.91 .004

2.2 L0043
0.56 ,002

1.2 0002
2.2 emeem
1.2 ‘009

1.4 . 0023
1.2 .010

1.4 005

1.9.

L0045

Transverse
Freq. Disp.

g

[ pp——

0.63
2.2

.019
L0011

0.6~0,8 .002

———

1.4
2.2

it i

1.1
1.4

—— -

———

1.4
2.2

2.2

——— ——
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